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New Blast Furnace of the Crane Iron Works 
Modernizes Plant at Catasauqua, Pa. 


The First of a Series of Articles Describing Several Eastern Blast 
Furnace Plants, Which Were Pioneers in the Pig Iron Industry, 
and Which Have Recently Been Rebuilt to Conform with Mod- 
ern Practice. 


By RICHARD PETERS, Jr., 
; Manager of Sales, Pulaski Iron Co. 


"Tor the R the close of our Civil War, John Percy the broad assertions the author made in his work. Of 


of the Royal School of Mines of London gave to the districts mentioned by Percy, the Lehigh valley has 
the iron making world his monumental work on more nearly survived its promise, and while the anthra- 
the metallurgy of iron and steel, which for more than cite coal used originally as fuel has been almost entirely 
a generation was the leading authority on the subject replaced by coke from the western part of the state, 
which he presented. In the author’s commentaries on and the local brown ores have given way to the Lake 
the iron making establishments in countries other than Superior hematites, yet the magnetites of New Jersey 


still remain an important part of the burden of the 
furnaces in the Lehigh district. 


The successful use of anthracite coal as fuel for iron 
smelting measured the start of the pre-eminent position 
which this country enjoys in the manufacture of pig 
iron. It is therefore of more than passing interest to 
take cognizance of the recent completion of a modern 
blast furnace at Catasauqua, Pa., on the site of the 
pioneer plant which first produced pig iron as a commer- 
cial success with the above mentioned fuel. By the re- 
building of the number two furnace at its Crane Iron 
ey a 4 Works division, the Empire Steel & Iron Co. has accom- 
Wy wre plished a noteworthy addition to the present trend of 
AS Le ~¢ reconstruction of American iron makers. 

In order to more clearly comprehend the significance 
Rs 2s of the work, it is of interest to look backward over the 
eit history of the central unit of the Empire Company. In 
, the period between 1825 and 1840, the iron masters of 
the eastern section of Pennsylvania niade many attempts 
to smelt iron by using anthracite coal as fuel, but with 
the exception of a three months’ campaign at Pottsville 
in 1839, the results were unsuccessful from a commercial 
standpoint. 

The Lehigh Coal & Navigation Co. was anxious to 
have iron works established on their waterway and there- 
by use their fuel. Its board of directors therefore passed 
a resolution early in 1839, offering to give in fee simple 
all the water power of any of their dams between Allen- 
town and Parryville, excepting that necessary for navi- 
gation purposes, to any company which would expend 
$30,000 in building iron works to smelt ores with anthra- 
cite coal as fuel. 


The Lehigh Crane Iron Company, organized on the 
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Fig. 1—General view showing the furnace, skip bridge, 
trestle, etc. 


his own, he dwells at length on the subject of the 
anthracite furnaces in the United States, concluding his 
remarks with the statement that “the principal manufac- 
ture must always cling to the Lehigh and Schuylkill and 
Lower Susquehanna valleys in Pennsylvania, where the 
ore is abundant, the coal near at hand, the flux on the 
spot, where the’ whole land is a garden and therefore 
food cheap and labor plentiful and the great sea ports 
not far off.” 


To a certain degree this prophecy of some 60 years sixteenth day of May, 1839, signified its intention of 
ago has been fulfilled, although the changes brought forth accepting the proposition of the navigation company, and 
by time and new methods have modified, to some extent, sent its representative, Erskine Hazard, to Wales to 
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engage David Thomas, a practical furnaceman, to come 
to America to supervise the erection of a plant. Thomas 
had demonstrated the successful operation of Neil- 
son’s hot blast to anthracite iron smelting at Ynyscedwin 
Iron Works in his native country. Upon his arrival in 
this country he immediately repaired to the site selected 
by his employers, a few miles from Allentown. and com- 
menced the erection of the first furnace. Construction 
work was attended by difficulties unknown to our present 
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bring gases down from the open top of the furnace. 


The blowing apparatus consisted of two vertical iron 
cylinders worked by a pair of enormous wooden walk- 
ing beams, bound with iron straps, which were driven by 
gears meshing into segments on the periphery of a breast 
water wheel 12 feet in.diameter and 24 feet in length. 


After numerous delays, the furnace was lighted on 
July 3, 1840, and the following day made its first cast of 
some four tons of iron. The enterprise being a success, 


— ——4 


Fig. 2—Cross section of the furnace. 


engineers, as in those early days there were no railroads 
in the Lehigh valley, and there were but few foundries or 
machine shops capable of making castings of any size. “A 
large part of the blowing apparatus was brought over 
from England, and even some of this had to be remade 
in this country, owing to the fact that a portion of it was 
too large to be taken over in the vessel chartered for the 
purpose. 


The original furnace was constructed of stone of the 
usual type of the period, 30 feet square at the base and 
45 feet in height with a 10-foot chimney surmounting the 
furnace head. The bosh was 12 feet in diameter, while 
the hearth tapered from 5 feet 6 inches to 4% feet. The 
hot blast oven was built on the ground and was arranged 
for coal firing, as no attempt was made in those days to 
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the company erected a second furnace in 1843, using 
similar lines, but improving the arrangement of the hot 
blast by placing it near the furnace head. A third unit 
was built in 1846, giving a total weekly capacity of 420 
tons to the works. 


Until the year 1855 ushered in the advent of the open- 
ing of the Lehigh Valley railroad, all the raw materials 
for the plant were brought in by canal boats or by teams, 
and the countryside must have swarmed with wagons 
draying in the local brown ores from the neighboring 
counties. 

In 1880, the No. 3 furnace having fallen down, it was 
determined to dismantle the original three stacks, leav- 
ing, however, Nos. 4, 5 and 6, which were built in 1849, 
1850 and 1868, respectively. Two new furnaces, de- 
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signed as Nos. 1 and 2, were built in 1880 and 1885, and 
at this time Whitwell stoves were installed, these being 
built under the personal supervision of Thomas Whit- 
well, and were the first of this type erected in Eastern 
Pennsylvania. The furnaces were not of the modern 
type of shells resting on columns, but consisted of stone 
work supporting the boshes, with iron extensions giving 
them the appearance of old fashioned railway water 
tanks. 

The Crane Works were described by an early writer 
as a “noble pile,” and old illustrations of the plant are 
hard to recognize as those of a smelting works, although 
they presented a picturesque aspect. 


In the early 60’s the furnaces at Catasauqua probably 
constituted the largest single plant in the United States, 
and furthermore, greater production per furnace than 
was reached elsewhere was accomplished by the bold 
steps taken by Thomas in blowing the stacks with higher 
blast pressure than had ever been previously attempted. 
An early writer, in commenting on Thomas’ efforts, re- 
marks: ‘The consumate skill and long experience of 
the manager must no doubt avoid or redress the ordinary 
troubles of the process, but the immense production can 
be accounted for only by the enormous consumption of 
oxygen. It is a satisfactory evidence of the constancy 
and reliability of the chemical and mechanical laws at 
our command for making iron that the introducer and 
oldest purchaser of anthracite iron in America has not 
been superseded, but is able still to lead off the greatly 
enhanced production with high figures. It is evidently 
no game of chance, but a trial of practical wisdom based 
on experience and insured by the improvement of all the 
means at the disposal of man.” 


In the past 30 years the work of rebuilding and dis- 
mantling contracted the plant to but two furnaces known 
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Fig. 3—Shows the scale car underneath the storage bins 
with the skip pit and coke bin discharge chutes in the 
foreground. | 3 


as Nos. 1 and 2, and during this period much of the 
original plot was restored to its former condition. 


It may well be understood, therefore, that when the 
Empire Company decided to build a modern furnace on 
the site of a much rebuilt plant, that their engineers were 
confronted with difficulties widely in contrast to that of 
laying out work on virgin ground. Many of the exist- 
ing appurtenances were to be retained for economical 
reasons, and it is to be borne in mind that the expan- 
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sion of the plant was limited on one side by the Lehigh 
canal and on the other by the main street of the town 
of Catasauqua, while the ground between these bound- 
aries is of limited area. This space was ample for even 
the six old stacks, for in the early days the necessary 
raw materials were not of great proportion, and the stock 
trestles were arranged between the furnaces as well as 
being adjacent to the canal. 


Great credit is therefore due to the engineers and 
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Fig. 4—shows the 75-ton mixer type hot metal ladle receiv- 
ing iron from the furnace. The pig casting machine is 
shown at the left. 


contractors, Arthur G. McKee & Co., of Cleveland, Ohio, 
who furnished designs and materials and supervised the 
erection under a fixed contract. In this work they fol- 
lowed the ideas and suggestions ably advanced by the 
officers of the Empire Steel & Iron Co., Messrs. Leonard 
Peckitt, president; James A. Stillman, secretary, and 
M. O. Knauss, superintendent. 

The improvement program involved the entire recon- 
struction of the furnace stack, the addition of a 
niet SS RE Se Kes oe A 
ter, StO® k.G-: TSE Orig ie), Hk x 
Castine mobile. ?: aS, one new stove. new bot 
ers, pumps, water tower and other auxiliary equipment. 

The old stack was completely demolished and the 
foundation enlarged for the new work The new fur- 
nace has a height of 90 feet, hearth and bosh diameters 
of 15 feet and 20 feet 5 inches, respectively, and a 78- 
degree bosh. The shell is %-inch plate with 34-inch bot- 
tom ring, 5é-inch top ring and 34-inch top cone. The 
hearth jacket is 1%4-inch plate 9 feet high, cast iron 
hearth cooling plates 4 inches thick with cooling pipes 
being placed inside the hearth jacket. The tuyere breast 
is 4 feet 9 inches high of 1-inch plate. Eight rows of 
copper cooling plates are used in the hearth and tuyere 
breast. The new lining involves a total of 332,000 brick 
(9-inch equivalents), giving a furnace volume of 19,310 
cubic feet. Cast iron wearing plates 6 feet in height are 
suspended from the top cone for protecting the brick 
work at the stock line. The large bell is 11 feet 3 inches 
in diameter, the small bell 5 feet 6 inches. The McKee 
revolving stock distributor is electrically driven and 
controlled, its operation being interlocked with the hoist 
engine so that the revolving and charging cycle is entirely 
automatic. The furnace top is equipped with a 25-ton 
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trolley hoist for dismantling the furnace for repairs, and 
for raising material from the grcund to the furnace 
platform. 

The skip bridge is double tracked, of the through 
truss type, supported by a shear leg, independently of 


the furnace stack. The bridge has a steel plate deck and ‘ 


a stairway from the ground to the top platform. The 
skip cars have a capacity of 100 cubic feet of material 
each. A new steam hoist engine -was installed, having 
12x14-inch cylinders and a double grooved drum 66 
inches in diameter. The hoist engine house is placed di- 
rectly under the skip bridge—as will be seen in the pho- 
tographs, the ropes being led through the bridge by guide 
sheaves. 

The stock bin structure is of steel and reinforced 
concrete, comprising a double tracked coke bin and 14 
single tracked ore bins. The coke bin is of all steel con- 
struction with a capacity of 19,500 cu. ft. Two gravity 
chutes discharge the coke, over cascade screens, directly 
into the skip cars. The coke bin gates are controlled by 
the hoist engine operator and are in view from his post. 
The 14 ore bins are of steel, suspended from a concrete 
structure, each bin holding 2,130 cubic feet, giving a total 
bin capacity of about 1,879 tons of ore. The ore bins dis- 
charge into an electrically driven scale car of 80 cu. ft. 
capacity, the bin gates being continuous so that the entire 
contents of each bin can be discharged. 

A single strand pig casting machine was installed in a 
structure of sufficient size to house a second strand when 
required. A 7/5-ton mixer type hot metal ladle car re- 
ceives the metal from the furnace runners and delivers 
to the pig machine. The ladle car in receiving and pour- 
Ing positions is shown in the photographs. 


The boiler equipment of this furnace formerly con- 


The Blast Furnace™ Steel Plant 


October, 1921 


sisted of approximately 3,480 hp of water tube boilers. 
This was augmented by the addition of two new 505-hp 
Stirling boilers which are equipped with Kling-Weidlein 
aspirating type burners for blast furnace gas. Other 
additions to the power equipment consist of two steam 
turbine driven pumps, each with a capacity of 2,500,000 
gallons per day. A water tower giving storage for 80,000 
gallons was also installed. 


The increased size of the rebuilt furnace made neces- 
sary additional stove heating surface, and this was accom- 
plished by adding one 20x100-foot McKee side combus- 
tion stove to augment the three Cowper stoves of smaller 
dimensions built in 1909. This work also included new 
air and gas mains and their connections. 


The new stack is designed to produce foundry, forge 
and basic iron from a mixture of about 65 per cent New 
Jersey magnetite ore from the mines of the Empire Steel 
& Iron Co., and 35 per cent non-Bessemer Lake Superior 
Mesabi ore. Local stone is used, with Connellsville coke 
as fuel. 


The rebuilding program at Catasauqua has brought 
to a culmination many years of changes and additions, 
which at best may be described as temporary and leading 
up to the present completely modern type of furnace. A 
number of other eastern iron manufacturers have also 
made notable improvements at their plants, namely the 
Wharton Steel Company, Wharton, N. J.; the Robesonia 
Iron Company, Ltd., Robesonia, Pa.; the Thomas Iron 
Company, Hokendauqua, Pa., and the Eastern Steel Com- 
pany, Pottstown, Pa. ‘The improvements made at the 
two plants first mentioned have been the subject of pre- 
vious articles, and a complete description of the other 
plants will appear in the near future. 


Recent Improvements in the Manufacture 
of Welded Pipe 


While There Have Been Many Improvements in Appliances for 
Butt-Welding Pipe Since the Introduction of This Process, the 
Method of Finishing Has Not Been Materially Changed for 


Some Time. 


By F. N. SPELLER, Member A. S. M. E,, 
Metallurgist National Tube Company. 


appliances for buttwelding pipe since the intro- 
duction of this process, the method of finishing 
has not been materially changed for some time. The 
process described in this paper involves welding the pipe 
larger in size than was formerly necessary, then after 
one rounding up pass the temperature of the pipe is re- 
duced to a little above the annealing point (about 1,800° 
F.), after which the diameter is further reduced by pass- 
ing through several rolls to the finished size. The 
Straightening and cooling operations are then carried out 
as heretofore. 
The object of these additional operations is primarily 
to remove the welding scale from the pipe, especially 
from the inside, so as to lessen the tendency for pitting 


W ovntia there have been manv improvements in 
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and facilitate galvanizing or the application of other 
coatings. Incidentally this additional work done on the 
steel tends to improve the material and the weld. 


Introductory. 

The making of steam, gas and water pipe of wrought 
iron by the buttweld process has been carried on for 
nearly 100 years with many important changes to facili- 
tate handling of the skelp, rapidity of welding and 
economy of operation. The process to be described has 
to do with the removing of welding-scale for the pur- 
pose of improving the finish and quality of the product. 
Before going into details it may be well to outline the 
more important steps in the development of this industry, 
chronologically considered. 
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Historical Development*. 

The first attempt to make welded pipe by butting the 
edges of the hot plate together and forging, instead of 
first lapping them one over the other, was carried out 
in England by James Russell in 1824. This was im- 
proved in 1825 by Cornelius Whitehouse, whose process 
of drawing the skelp through a pair of bell-shaped dies 
forms the basis of the present buttweld process. The 
Whitehouse patent was assigned to James Russell and 
was used by him and other manufacturers after the 
patent expired. 

In the United States the first furnace for the manu- 
facture of buttweld pipe was built between 1830 and 
1834 by the firm of Morris, Tasker & Morris, Philadel- 
phia, Pa. At the present time there are 55 buttweld fur- 
naces in this country with a capacity of approximately 


1,000,000 tons per annum. 


The earlier methods were, by contrast with later 
means, naturally cumbersome and slow. The first im- 
portant improvement consisted of a fixed slotted die sub- 
stituted for the original two-part die. Through this slot 
a pair of toothed jaw tongs was introduced, which grasped 
the heated skelp. By mcans of a draw bench chain the 
tongs and strip of skelp were drawn through the die and 
the flat skelp folded into tubular form with the edges 
butted against each other. This idea with modification 
is still used in forming the skelp for lapweld pipe. 

On March 25, 1875, a patent was granted to George 
Matheson of McKeesport, Pa., for a device consisting 
of a fixed bell-holder slotted at the top, and a funnel- 
shaped bell which could be easily inserted and removed 
from this holder. Prior to this time all pipe was made 
from a strip of tron which was heated once, drawn 
through a die and then reheated to a welding heat and 
then drawn through a pair of funnel-jawed welding tongs. 
Welded to one end of the strip of skelp was a piece of 
round iron bar (the tag) with a knob on the end that 
engaged to a buggy which the operator also engaged to 
a draw bench chain. The funnel-shaped die of Mathe- 
son combined the two operations of bending the skelp 
and welding, materially decreasing the cost and increas- 
ing the rate of production. About 1895 a variety of pipe 
drawing tools and tongs came into use. The tongs were 
so designed as to pass through the funnel-shaped welding 
bell and grasp the pointed and upturned end of the skelp 
in the welding furnace and then engage to the chain 
of the draw bench. This greatly increased production 
and tended toward more uniform work. 


Heretofore the plates with tags attached had been 
charged from the same end of the furnace trom which 
they were drawn when heated, the welder and the men 
charging the cold skelp had to work in the same space 
and were therefore crowded and hampered in their move- 
ments. The introduction of practical improvements in 
drawing appliances paved the way for the next notable 
development by which the skelp was charged from the 
back end of the furnace through a low horizontal slot 
extending the full width of the furnace. By this means 
the furnace was kept full of skelp at all times when 
regularly operated, a cold piece being charged as a hot 
one was drawn and all parts of each piece of skelp are 
in the furnace the same length of time, whereas before 
the end first charged was the last drawn out. This sys- 
tem was patented by Mr. Peter Patterson of McKees- 
port, Pa, April 20,,1897. Since then electrically driven 


*Much of this information on historical development has 
been obtained from a thesis on Buttweld Pipe. by C. D. Terry. 
assistant to general superintendent National Tube Company. 
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mechanical charging machines have been introduced, 
doing away with considerable laborious work. 


The length of pipe welded in one piece had been in- 
creased from a few feet to 20 feet. The next step was 
to build a 40-ft. or double length furnace, the first of 
which was put into operation at McKeesport, Pa., in 
1901, and was completely successful on pipe up to and 
including 3-inch size, the largest pipe that is usually made 
buttwelded. 


Prior to 1886 wrought iron was the material univer- 
sally used for welding pipe and other welding opera- 
tions. ‘he demand for a more uniform and more eco- 
nomica] material for pipe manufacture led to experi- 
ments in the use of Bessemer steel for this purpose at 
the old Riverside Iron Works, Riverside. W. Va. Open 
hearth 1s now sometimes used, but it 1s somewhat more 
difficult to control in respect to welding quality, there- 
fore it 1s perhaps fortunate that these early experiments 
happened to be made in a plant where only Bessemer steel 
was available, as Bessemer steel has since proven to be 
better adapted for standard pipe than open hearth or 
other grades of steel. From this time on the use of 
steel pipe has steadily increased until it now forms over 
90 per cent of the entire production of wrought pipe in 
this country. Much has been done towards more un- 
form quality of product and increased production of 
steel pipe through the building of complete pipe produc- 
ing plants, wherein the pipe is made complete from ore 
to finished product The influence of uniformity on 
durability was recognized and improvements in_ the 
method of rolling were introduced to produce a more 
uniform working of the metal in rolling the skelp from 
the bloom. Most of the work in rolling the ingot into 
skelp is naturally done lengthwise. Bv means of a spe- 
cial design of knobbed roll the bloom was subject to lat- 
eral work while being elongated and reduced in section 
which rendered the metal more uniform in density and 
therefore in better condition to resist corrosion. 


The experiments which led up to this treatment were 
made on an old-three-high skelp mill at McKeesport on 
which the middle tongue roll was deeply grooved. The 
faces of the projections had an angle to each other of 
about 100°. The blooms should be heated to a compara- 
tively high and uniform temperature and all loose scale 
removed by a jet of steam or water during the rolling. 
This process was fater applied to continuous skelp mills 
and was determined “roll-knobbling” by the author, but 
by mill parlance became better known as “Spellerizing.” 
Later, as a result of our study of the various factors 
which came into the complicated problem of corrosion, 
the influence of mill scale on pitting of steel became rec- 
ognized and means were sought to remove the heavy scale 
which forms in welding pipe. A process was soon de- 
veloped through experiments made in the mills of the 
National Tube Company for the removal of this scale 
from the hot pipe.* 


More Recent Developments. 
The standard method of finishing pipe consisted in 
giving the pipe one pass through a circular sizing roll 


‘and one pass through straightening rolls of helical sec- 


tion and then cooling on a traveling table. 
The finished pipe was covered with a rather heavy 


*U. S. patents granted to F. N. Speller covering scale remov- 
ing equipment: 

1,149.696—Wrelded pipes. August 10, 1915. 

1.149,697—Methods of making Buttweld Pipes. 
1915. 

1,171,757—Method of finishing welded pipe. February 15, 1916. 
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mil scale which forms in the heating furnace at the 
welding temperature. This scale consists essentially of 
iron oxides, principally Fe,O,, with 7 or 8 per cent of 
silica and smaller amounts of C,O and Al.O, from the 
furnace bottom. At the welding temperature this scale 
is fluid and forms a natural flux for welding, as well as 
a protection to the metal against excessive oxidation 
from the furnace gases, so that this is a very essential 
factor in the welding of pipe, so much so that pipe steel 
is made primarily so that it will be self-fluxing by readily 
forming this fluid oxide at as low a temperature as pos- 
sible. Wrought iron carries considerable excess of fus- 
ible slag and oxides intermixed with the metal, whereas 
pipe steel, when properly made, readily forms a suitable 
fluxing scale when heated to the welding temperature. 
The melting of the welding scale affords the welder a 
sharp indication of the temperature of the skelp, which 
is much better than any pyrometer for this purpose. On 
cooling, the welding scale passes through a viscous stage 
and then quickly becomes brittle at a temperature at which 
the steel is still quite easy to forge. Most of the scale 
on the outside is removed in the sizing and straightening 
rolls, but inside the pipe this scale is often 1/32 or 1/16 
-inch thick in patches, and when cold is firmly attached 
to the metal like an enamel. Several means have been 
used to renrove this scale to prepare the pipe for galvan- 
izing and other coating operations. Pickling in acid is 
the most common nmiethod employed, but is the least effec- 
tive on the inside of pipe where the scale is most firmly 
attached and, further, as the scale is very irregular and 
rather thick in spots portions of the metal are likely to 
be damaged by over pickling before all the metal is 
cleaned. Mechanical cleaning by sand blasting and cold 
rolling has been tried, but has not been thorough enough, 
besides being quite costly. 


By making the diameter of the pipe larger and then 
reducing the size and elongating the pipe at the highest 
temperature at which the scale is brittle enough to re- 
move, it has been found possible to clean the pipe in 
the process of hot finishing and at the same time produce 
a better material in other respects. This new process of 
finishing is very advantageous. It will be seen that 
two additional steps are introduced in the finishing 
operation in order to produce what 1s practically a scale 
free pipe, (1) a partial cooling from about 2,500° to 
1,800° F., (2) a reduction in diameter and elongation of 
about 10 per cent in length by means of a series of hori- 
zontal and vertical rolls, by which the brittle scale is 
cracked and separated from the steel. The pipe is then 
straightened and cooled as usual, during which a thin 
film of new oxide forms sufficient to protect the metal 
from rusting while being handled. A thin coating of suit- 
able lacquer is now applied, which affords substantial 
protection to the pipe in storage. The main object of 
these scale removing and cleaning operations is to inake 
possible more uniform galvanizing. This also has an im- 
portant bearing on the manufacture of all kinds of coated 
pipe and conduit for electrical purposes. 


The scale free surface rusts much more uniformly 
than when covered with the heavy mill scale, as there is 
quite an appreciable current generated between mill scale 
and iron which results in pitting of the metal. For this 
reason it is usually of advantage to have the scale re- 
moved, especially where the pipe is buried in the ground 
or subject to other active corrosive influences. The fact 
that mill scale is usually the controlling factor with re- 
spect to pitting of iron and steel has been demonstrated 
by several other investigators besides ourselves. Some 
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tests made in hot water service at Harvard University 
recently covering a period of three years indicate that 
this scale free pipe was pitted to little more than half 
the depth of pitting found on the regular wrought tron 
and steel pipe used for comparisons in this test.* It may 
be said as a rule that the more perfectly the surface is 
cleaned the more uniform will be the corrosion. This is 
the reason that such care is desirable in the removal of 
scale and dirt before painting iron or steel. The scale 
removing process described was first developed in 1913 
and has recently been put into general use in the buttweld- 
ing mills of the National Tube Company. 


In hot galvanizing a saving of considerable time and 
about 50 per cent of the acid has resulted from the use 
of scale free pipe as well as a much improved product, 
particularly with respect to the inside coating. 


*Prof. M. C. Whipple, Journal N. E. W. W. Association, 
March, 1920, page 42. 


NEW DRIVER-HARRIS ROLLING MILLS 


E. Cooper Willis, who has been engaged as general 
superintendent of the hot mills and engineer of the 
Driver-Harris Company, Harrison, N. J., has been in 
Pittsburgh recently completing the purchase of equip- 
ment for the new rolling mill plant on which the com- 
pany is about ready to start construction. The mill build- 
ing, which is of all steel construction, 275 ft. long, 100 ft. 
wide and 22 ft. in the clear, is to be fabricated, erected 
and completed by the Americaa Bridge Company. The 
building will be equipped with a 20-in. break down and 
plate and sheet train, one 9-stand 9-in. mill for wire rods 
and merchant null products, four modern type heating 
furnaces and two electric annealing furnaces. The 20-in. 
mill is to be driven by an 800-hp d.c. motor and the 9-in. 
mill by a 500-hp d.c. motor. A motor generator set for 
converting alterating to direct current also is part of the 
equipment. The mills will run on 600 volts and have a 
speed ratio of 600 to 300, this flexibility being required 
on account of the character of the products the company 
produces. 


In addition there will be an open hearth plant con- 
structed. At present the Driver-Harris Company ore 
operating two Herault electric furnaces. ‘The open 
hearth will be used for carbon steel, electric furnaces 
being used for alloy metals. 


The products include nichrome, Mcnel metal, brass 
and various carbon steels. M. Hoaglarid Sons & Co., 
Rockaway, N. J., has the contract for building the mills. 
The Westinghouse Electric & Manufacturing Company 
and the General Electric Company will furnish the mo- 
tors and generator sets, and Fawcus Machine Company, 
Pittsburgh, the drive for the 20-in. mill. Mr. Wills for- 
merly was general superintendent and engineer at the 
Rahway, N. J., plant of Nagle Steel Company, and the 
layout and design of the new plant of the Driver-Harris 
Company is entirely in his hands. When completed he 
will become general superintendent of this plant. F. L. 
Driver is president of Driver-Harris Company and Leon 
QO. Hart general manager. 


LIGHT ARGENTINE STACK. 


What 1s believed to be the first blast furnace to be put 
in operation in Argentina has been lighted near Jujuy. 
Consul Wilbert L. Bonney has reported to the bureau of 
foreign and domestic commerce. Near Jujuy are deposits 
of both iron and lead ores. The furnace project employs 
90 men and is producing about 24 tons of pig iron a day. 
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The Logic of Roll Design 


Describing in Detail the Design of Rolls for Guide Mills and 
Part of the Formula in Use Today on This Work. 
By W. H. MELANEY. 
PART VI. 


bars such as rounds, squares and flats, presents no 

difficulty and is subject to simple rules easily applied 
when understood. 

Most of these are rolled from a square billet of a size 

to suit the diameter of the rolls on which they are to be 


Tes design of rolls for producing ordinary merchant 
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rolled and then reduced in the roughing rolls to a billet 
of the proper size to make the particular bar desired. 
As stated in a previous article, the roughing rolls are 
usually of the open square type of grooves with perhaps 
one or two box passes where the billet 1s of large size 
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for that particular mill. An open square groove under 
this condition would reduce the diameter at bottom of 
the groove to below the size of the neck, due to its being 
placed in the roll diagonally. 
‘An open square groove is the ideal method of reduc- 
ing billets of six inches square and under, as it permits 
the production of any size of billet that may be required 
within close limits and also permits the squaring up of 
the billet by returning it through the same sized groove 
after giving it a quarter turn. It does not, however, per- 
mit the maximum amount of reduction to be used. 

Where rapid reduction is desired in order to reduce 
a larger billet to small size as in the production of small 
rods or bars, use is made of a flat oval groove in connec- 
tion with the open square groove, the billets being entered 
flat into a comparatively shallow oval groove and then 
edged up into a much smaller square groove again. This 
process is continued until the desired size of billet is 
provided from which to make the finished bar. 

This type of rapid reduction oval should not be con- 
fused with an oval for producing a finished guide round, 
as the reducing oval is much shallower and wider. 


Designing Open Squares. 
The usual method of laying out open square grooves 
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is to mark off on the center line a space equal to the 
diagonal of an open square, six degrees open and of a 
size sufficient to permit the billet you have decided to use 
to pass through without overfill (Fig. 1-B.) Then set 
the compasses the width of the vertical diagonal of the 
open square (Fig. 1-B) and use this for the horizontal 
diagonal of the next groove (Fig. 1-C) as shown at A, 


a™ < 


this gives the maximum reduction that can be produced 
on a groove of that size and opening. The overfill 1s pre- 
vented by the fillet at bottom of groove as shown in illus- 
tration; this process is continues from groove to groove 
until the minimum size of billet required is obtained. 
Of course, where a particular size of billet is required 
from any groove, the width of the groove on the center 


line may be made to suit the requirement, provided it 1s 
not less than the vertical diagonal of the preceding groove, 
but may be as much wider as necessary. The wider the 
groove the less the reduction will be. 


Rolling Round or Square Rods. 


Now if a small round section is desired for the fin- 
ished product a size of billet is selected from the rcugh- 
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ing rolls and further reduced in the strand rolls by 
means of reducing ovals and open squares until a square 
billet approximately the size of the finished round is 
obtained. This is then entered flat into an oval groove 
for the purpose of shaping in and flattening it so it will 
enter the round finishing groove, the oval groove at the 
same time finishes the two sides of the bar that will be 
opposite the open spaces between the top and bottom fin- 
ishing rolls. The oval is then edged up into the round 
finishing groove and has just sufficient cross section to 
slightly overfill the round groove, but overfill is prevented 
by slightly underfilling the oval as sharp edges on the 
two edges of the oval, which would result if the oval 
was completely filled up, are not desired. The thickness 
of the oval must be less than the diameter of the fin- 
ished round to allow for sufficient spread, without mark- 
ing the sides of the round where the break between the 
rolls occurs. In other words, just permitting the round 
groove to evenly fill up. (See Fig. 4-A.) 


If a finished square section is desired instead of the 
round rod the same operation is followed, up to the pro- 
duction of the proper sized billet to make the square. 
This is then given a pass through a diamond groove, 
usually having an angle of 102° or 12 degrees open, 
thus flattening the billet sufficiently to enter the finishing 
square groove and at the same time finishing the two 


' corners of the square that-will come opposite the space 


between top and bottom rolls in the finishing set. his 
diamond is given a quarter turn and edged into the fin- 
ishing square groove, sufhcient spread having been 


FIG. 6 


allowed to prevent any overfill. The square groove sim- 
ply finishes the other two corners of the bar and shapes 
it tip to a 90-degree angle of the square desired. (See 
Fig. 4-B.) 


Where Charts Can Be Used. 


The sizes of ovals and diamonds for the various sizes 
of rounds and squares are proportional and can there- 
fore be definitely laid out from a chart such as shown at 
Fig. 2 and Fig. 3. 


While there may be a difference of opinion among 
roll designers as to the exact shape the oval or diamond 
should be, some preferring a shallower and wider groove 
while others prefer the deeper and narrower ones, this 
is simply a matter of opinion. The essential features are 
that it contain enough cross section to just fill the fin- 
ishing groove when the oval or diamond is properly filled 
up by the billet and have enough spread to take care of 
overfill. 


The less the spread that can be used without overfill 
the less the scale will be broken an the two sides of the 
round or square which are finished in the oval or diamond 
grooves and the nicer looking the finished rod will be. 
The charts shown are based on present day practice. 
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Rolling Rectangular Bars. 

Where simple rectangular bars, commonly called flats, 
are to be rolled, the usual process ot reducing the billet 
to the proper size is followed the same as for rounds or 
squares. 

It is obvious that a slightly smaller square billet than 
the width of the flat is required for exactly the same rea- 
son as stated in the preceding process, namely to provide 
for spread. 

This billet is then reduced in thickness only, usually 
getting three or four passes in tongue and groove rolls 
with positive width of grooves and with a slight taper 
in the sides of the grooves and just sufficient spread to 
prevent overfill and insure free delivery of the bar; this 
taper in thick flats amounts to from one to one and a 
half degrees in each side of groove and on thin flats to 
two and one-half degrees, while on yvrooves fog rolling 
hoop it would be twice this much. This is to allow easy 
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delivery on thin flats which otherwise might stick and 
buckle up in the groove. It also permits the grooves to 
be brought back to width when rolls are re-turned. 

On flats the main essentials are that all four corners 
of the bar be filled up sharp, that the edges of the bar be 
a right angle to the top and bottom of the bar and that 
provision be made to prevent overfill. 

The overfill is prevented in this case by using suf- 
ficient fillet in the bottom of the first groove to prevent 
the heated metal squashing up between the tongue and 
side of the groove on the next pass. Any tendency to 
overfill on the first groove being amply taken care of by 
the rounded corners of the billet as it comes from the 
roughing rolls. (Fig. 5.) 3 

The pass before the finishing pass should have sharp 
corners the same as the finishing pass, otherwise it would 
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be difficult to get the corners sharp on the finished bar 
as the reduction on the finishing pass is light. 

It is apparent that the side of the bar that has its cor- 
ners filleted off in one pass must be so entered in the 
succeeding pass that these filleted corners will be next to 
the tongue and thus by leaving an open space prevent 
any possibility of the metal squashing up between the col- 
lar and tongue of the groove. 

On flat rolls of the tongue and groove type, the bulk 
of the reduction is on the first pass, as a square billet is 
usually used for ordinary sizes, but an extra pass is some- 
times used to flatten the billet for large sizes. 

Other methods of rolling flats, especially from high 
carbon steels, will be described in a future article. 


Hand Rounds and Squares. 


Another method of producing rounds and squares 
which are too large to roll by guide on the mill it has been 
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decided to roll them on, is known as hand rolling. 


By this method only short bars can be rolled success- 
fully, usually not longer than 20 feet, as the operator 
must retain his hold upon the bar until the last end of 
the bar almost reaches the rolls, especially in the case 
of hand rounds. This is to prevent any tendency of the 
bar to turn or twist during the time it remains in the 
rolls. 
In hand rolling, instead of getting one pass in the fin- 
ishing groove, as in the case of guide rolling, it usually 
gets four passes, the bar being given a quarter twist after 
each pass before being re-entered in the groove. Such 
bars are rolled on two-high rolls, the bar being pulled back 
over the top roll after each pass. 


A square billet -is used to start with, but is partly 
shaped up in a leader pass which is usually one of the 
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larger grooves in the same rolls. 


The rolls have as many different sizes of grooves for 
standard sizes of rounds or squares as the length of the 
rolls will permit, the two end collars being left several 
inches wide to prevent interference of the tongs with the 
sides of the housings. 


Slowing Down Speed for Hand Rolling. 

In hand rolling as the operator retains his hold upon 
the bar it is necessary to slow down the null while doing 
this work and for this reason more than one speed 1s 
required. The electric motor with a variable speed 1s 
nicely fitted for this work. 


Designing Grooves for Hand Rounds. 


In designing grooves for hand rounds, the grooves are 
cut away or opened out where the parting between the 
rolls occurs and the corners of the grooves are also 
rounded to prevent any danger of marking the bar while 
rolling. 
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By giving the bar four passes in the finishing groove 
with a quarter turn of the bar at each pass, the bar is 
almost perfectly rounded. Fig. 6 shows one method of 
determining the opening in a hand round groove that ts 
considered good practice. 


A hand square is rolled similar to a hand round except 
that the groove is square with the corners nicely rounded. 
The groove is a]Jso made about one degree open square. 


Errata. 


An error occurred in the table accompanving the 
article on “The Logic of Roll Design” which appeared 
in the September issue of THE BLast FURNACE AND 
STEEL PLANT magazine. Under the table for guide or 
bar mill rolls, the letter at the head of each column was 
transposed and was not in accordance with the roll 
sketch shown in another part of the article. They 
should*have been in the following order, AG HCBEFD 
E R, instead of the order in which they were printed. 


Gas Producers for Bituminous Coal 


Expression of Opinions and Conclusions, After a Number 
of Years of Study and Operation of Gas Producers—The Points 
to Be Studied to Secure Good Results Are Outlined. 


By HENRY WILLIAM SELDON, 
See-Seldon and Associates, Engineers. 


HE theory of gas producers and producer gas mak- 
[ine has been repeated many times and for such a 

discussion we would refer anyone to Carl Dichmann’s 
book, ““The Basic Open Hearth Process,” or some other 
good authority. 

In the following article we will confine ourselves to 
the expression of opinions and conclusions arrived at as 
the result of a number of years of study and operation of 
gas producers. 

The term bituminous coal is very broad and we would 
advise a complete survey of the available coal before in- 
stalling any make or type of producer. Locate the best 
coal available for producers and then bear in mind the 
sad truth that sooner or later you may be compelled to 
use a poorer grade, temporarily at least. In other words, 
do not install just sufficient producer capacity and expect 
to have ideal conditions at all times. 


Bituminous coal for gas producers is usually offered 
for sale by its analysis. A coal having the volatile mat- 
ter over 30 per cent and an ash content under 10 per cent 
is sold as a good gas coal. We have found in addition 
to these analyses it 1s important to know the amount of 
sulphur and moisture present as well as the melting point 
of the ash. Likewise the physical condition of the coal 
is very important when the amount of coal that can be 
gasified is being considered. By this is meant the size of 
lumps, percentage of fines and hardness of the coal. In 
selecting gas coal aim to get the best coal available in 
your locality and insist upon the following: 

Volatile matter 30 per cent or better. 

‘Ash as much under 10 per cent as possible. 
Sulphur under 1 per cent if possible. 
Moisture low as possible 

Melting point of ash high as possible. 
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For the ideal physical condition we prefer the coal 
which passes through a 2” mesh and remains on a 3%” 
mesh. Gas coal containing not over 25 per cent of fines 
is not objectionable. \We have a preference for hard 
coals. 

When a certain rate of coal gasification is mentioned 
it is important to know the kind of coal and its physical 
condition. The best test of any gas coal is a trial in 
the producer. 


We do not want to create the impression that low 
grade gas coals cannot be used in gas making, for they 
can, but we do want to emphasize the fact that some coals 
make more and better gas than others and that good coal 
is necessary if the commercial rating of a gas producer 
is to be obtained. 


Sample analyses of the gas coal used in this district 
are as follows: 


No. 1 No. 2 No. 3 No.4 
Volatile matter ........ 35.52 33.00 33.60 31.53 
Fixed carbon ........... 53.31 57.82 58.28 58.55 
ASW Sheer town eee.) ae 11.17 9.18 8.12 9.92 
Sulphur ................ 2.82 85 92 96 
Phosphorous ........... O10 ore Shade 024 


Sample analyses of ash from producers using the 
above coals are as follows: 


No. 1 No.2 
Hand Poked—Mechanical Hand Poked 
Volatile matter ........... 1.12 1.49 78 
Iixed carbon ............. 4.13 12.71 5.24 
OCI. wsdented mac tht Chee ac 94.75 85.80 93.98 
Sulphur’ -giivow sy eraexees ss 13 not det’d 08 
No. 3 No. 4 
Hand Poked Mechanical 
Nolatile matter 125-3428 bile tee hist os Bas 50 1.00 
Pim: Carp’ <ecioriedswy aeere ene Shes Oe 4.28 22 4} 
PS TDS eset: esr Sale ao ee acrinta  Re dh eek. ea tutea oe 95.16 76.59 
Sulphur tec atectaee ne tecaecadeueuaee .05 not det’d 
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The objections to a low grade or inferior gas coal are 
as follows: 


Cuts down the rate of vasihcation which in many cases 
means a shortage of gas on the furnace: necessitates a 
higher steam pressure with the accompanying wet gas 
and producer troubles; cuts down the quality of the gas 
produced and reduces the producer efficiency. 

There are a great many makes of gas producers on 
the market. They differ in their detail construction or 
method of operating, but the basic principle and design 1s 
the same. In general the construction consists of a ver- 
tical cylindrical steel shell lined with fire brick with means 
provided at the top for the admission of coal, means pro- 
vided at the bottom for the removal of the ash, a hood 
or distributor inside which introduces the blast (steam 
and air mixture) and an outlet pipe likewise fire brick 
lined for conducting the gas away. 

This is virtually the description of the hand operated 
type of producer and we find many in use. With this 
type of producer the results obtained depend entirely upon 
the operator. It is possible to make a gas just as rich 
and for all purposes just as good as can be made in any 
mechanical producer, but the dithculty exists in obtain- 
ing a good gasmaker who can or will operate them. In 
addition to the labor proposition there are numerous 
other weaknesses which have all been instrumental in 
assisting the development of improved designs. Perhaps 
the weakness which has led most of all to mechanical 
producers was the desirability and difficulty of maintain- 
ing a thick fuel bed on the stationary hand poked pro- 
ducer. This condition led to the development of me- 
chanical agitation and rotating of the producer body. 


With the advent of the rotating producer came the 
mechanical removal of the ash. 


The value of a uniform and continuous coal feed was 
recognized and its development started. 


With the mechanical producers advent came increased 
coal gasification per unit and larger units. 


The distribution of the blast inside the producer has 
received attention and much benetit has been the result. 


In the early development of the mechanical gas pro- 
ducer certain mechanical features and principles were 
discovered and patented; a condition which still exists 
and which accounts for the numerous different makes 
of producers on the market. But the fundamental prin- 
ciples of producer gas making are still the same and each 
manufacturer is trying to approach the automatic produc- 
tion of producer gas by mechanical means. 


This we have in operation: 


1. Stationary producers which are entirely hand 
operated, i. e., the coal is fed by hand, the producer 1s 
poked by hand, and the ashes are removed by hand. 


2. Stationary producers which are partly operated 
by hand, 1. e., the poking is done by hand and the ashes 
are removed by hand, but the coal is fed automatically. 


3. Stationary producers in which the coal is fed by 
hand and the poking is done by hand, but the ashes are 
removed mechanically. 


4. Stationary producers in which means are pro- 
vided for mechanically agitating the fuel bed. coal is fed 
by hand on some and mechanically on others; ashes are 
removed by hand. 


5. Mechanical producers in which the main body of 
the producer rotates; means are provided for mechani- 
cally agitating the fuel bed; the feeding of the coal and 
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the removal of the ash are either done by hand or done 
mechanically. 


6. Full mechanical producers in which all the opera- 
tions are done mechanically ; the fuel bed is automatically 
agitated; the coal is fed and distributed mechanically; the 
ashes are removed mechanically: the body of the pro- 
ducer is mechanically rotated. 

(ender each one of the above tvpes of producer there 
are many different makes of producers and each one 
claiming some advantage or superiority over the others. 
The points of argument usually resorted to are as follows: 

1. The amount of coal the producer will gasify per 
hour. 

2. ‘The quality of gas which the producer will make. 

3. The amount of steam required per pound of coal 
gasified, 

4. The repair costs and the speed at which repairs 
ean be made. 

5. The cost of installation. 

6. The efficiencies of the various portions of equip- 
ment, such as the method of agitating the fuel bed; the 
particul: ir type of blast distributor; the method and 

value of the ash removing scheme ; steam or turbo blower 
or both; amount of labor required to operate, ete. 

There are scores of different makes of gas producers 
in operation and you will find some operators in favor of 
ach one. 


The question naturally arises, “Which is the best?” 
to which we are compelled to answer by asking the ques- 
tion, “What are the requirements, conditions and 
finances?” Without this information we cannot say. 

We offer the following general advice: 

3e sure to get ample producer capacity. 

se sure your installation is properly made. 

Get or train a competent producer operator. 

juy good gas coal. 

Provide ample dry steam. 

Cooperate with vour gas maker and learn some- 
thing about gas making as you do about your other 
operations ; 1t will be helpful to you. 


It is surprising the lack of practical knowledge among 
Managers and superintendents regarding the art of g 
making. This may be caused bv the dirty and andege: 
able condition in the gas house and the class of foreign 
labor emploved there, but it certainly is not excusable. 
If this were not the case manv gas house troubles would 
never materialize and some of the furnacemen’s excuses 
would disappear. 


There has been a great deal of theoretical written and 
oral discussion on producer gas and the efficient opera- 
tion of gas producers, but we have found the practical 
knowledge absolutely essential. 


Our idea of the most efficient operation for any gas 
producer is that operation which produces the best results 
on the furnace. 


FOCH IS EXPECTED 

Although cable advices from Paris have stated that 
Marshal Foch had accepted the invitation of the Amer- 
ican Iron and Steel Institute to be its guest at the fall 
meeting in New York, no official word from the former 
has reached the offices of that organization. Originally 
it had been planned on October 28. Before making any 
hnal decision, however, the institute will consult) Mar- 
shal Foch as to what date will prove most convenient for 
him to make the visit. 
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New 600-Ton Blast Furnace Plant 


The Trumbull-Cliffs Furnace Company New Plant at Warren, 
Ohio, Now Completed—Many Interesting Features Constructed 
in This Plant—Record Time Made on Construction Work. 


HE new 600-ton blast furnace plant of The Trum- 
"[ but-Ciitts Furnace Company was completed on June 

14, 1921. Work on the plant was started August 15, 
1920. On that date the site was an open field on the 
Mahoning river across from the Trumbull Steel Com- 
pany and without railroad connections. In one day less 
than ten months the material and equipment was erected 
and placed in position, the tracks in, the yard graded 
and fenced in, machinery turned over and plant ready to 
make pig iron—in short, everything completely finished. 
This is record time for construction of a complete blast 
furnace plant. 


The plant arrangement is laid out for future installa- 
tion of additional blast furnaces as well as for a by- 
product coke plant. Throughout the design, provision is 
made for extension without interruption at the pumping, 
power and boiler houses, furnace and cast house, stock 
house and stock yard, casting, switching and other opera- 
tions. Moreover, an extension of water lines, sewers, 
transmission lines, tracks, stock house and stock yard 
developes with minimum expense and effort from exist- 
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The plant is especially notable for having enrbodied 
in its design all the proven and sound elements developed 
in years of American blast furnace plant construction 
and operation, and in addition many improvements which 
experience of the last few years has taught. These new 
features are not experimental. On the contrary, they 
go to make up a fully reliable plant built on accepted and 
conservative lines. [very guaranty is embodied that goes 
to insure good tonnage, economical practice and continu- 
ous operation. The plant is remarkable for the absence 
of the crudities such as usually accompany design and 
building for rough manufacturing such as blast furnace 
operation is usually assumed to be. Considerable atten- 
tion has been given to appearance and there has been 
a successful application of architectural design to offices, 
power buildings, trestles and bridges so that they present 
a dignified and pleasing appearance. 


The layout of the plant is apparent from Fig. No. 1. 
Present rail connections are the Pennsylvania and Erie 
railroads across the Mahoning river, but an additional 
connection is to be provided in the future at the opposite 
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Fig. 1—Section through the new plant. 


ing units. As a typical example of provision for expan- 
sion, the boilers are so designed with high settings and 
distinct combustion chambers for gas and coal firing, that 
stokers may be installed in the existing settings and the 
electric power output of the plant increased up to 
12,000 kw. — 

Throughout the plant the professional man as well as 
the casual visitor is impressed with the exceedingly care- 
ful study devoted to details, the coordination of groups 
of allied occupations, provisions for safety, cleanliness 
and easement of conditions of labor and the provisions 
for elimination of hand labor in the handling of raw 
materials, products and waste. 


end of the plant by the Baltimore & Ohio railroad. As 
will be seen, the plant is laid out primarily for delivery 
of hot metal to the mixer at the open hearth building of 
the Trumbull Steel Company, and for the time being all 
raw materials are routed into the plant over the three- 
track reinforced concrete bridge which also serves as the 
delivery track for hot metal to the Trumbull Steel Com- 
pany. 

Approaching the plant over the bridge affords a most 
comprehensive view of the entire layout. As one goes 
through the plant, he is impressed with the substantial 
construction, with the completeness of the equipment 
and the new appliances and practices introduced to better 
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the practice and economy of operation. A new feature 
is to be found in the provision for screening of the coke 
at the furnace bins. This consists of two rotary grizzly 
screens, each screen having eight motor driven shafts. 
These shafts carry discs, and the shafts and discs are 
so spaced that the rotary grizzly removes material under 
44” in size. The flow of coke from the bin to the grizzly 
is controlled by a cut-off gate and also by a rotary vane 
feeder. This provides a steady and even flow of coke 
over the grizzly. Emergency operation is provided for in 
a gate and a dead plate furnished over each grizzly so 
that coke may be by-passed direct from the bin to the skip 
hoist bucket in case the grizzly is out of operation. Under- 
neath each grizzly is a hopper, one hopper delivering 
braize direct to a braize elevator, the other delivering 
braize to an 18” belt conveyor discharging to the braize 
elevator boot. The elevator is a belt and bucket type de- 
livering to a 24-hour capacity bin. The motors driving 
the rotary grizzlies, the feeders and the belt conveyor 
and elevator are electrically interlocked so that the motor 
driving the vane feeder and belt conveyor cannot be 
started until the motor driving the rotary grizzlies and 
the belt and bucket elevator is running. 
provided a 20% speed variation on the motors operating 
the rotary grizzlies. 

The arrangement of cast house is the next outstand- 
ing feature. The cast house is very modernly constructed 
and has a 94’6” span, 4motor Cleveland Crane & En- 
gineering Co. crane of 25-ton main hoist capacity, with 
a S-ton auxiliary hoist. It spans not only the cast house 
proper from the foot up to the furnace front, but also 
spans two tracks, one of which constitutes the hot metal 
track and the other a track for spotting of cars, for re- 
moval of scrap and rubbish,-and for unloading into cast 
house of coke braize, clay and sand. This same crane is 
also utilized at the slag granulating pit at the foot of the 
cast house and for this purpose is equipped with a Hay- 
ward 1% cu. yd. bucket, having perforated bowl and 
manganese steel lips. The crane serves to unload from 
car or truck and places upon the skip hoist house plat- 
form, the motor armatures for the skip hoist or other 
material required. In the cast house is a brick and con- 
crete structure providing storage for sand, clay and coke 
braize, in which there is also provided a mixing room for 
the preparation of these materials. 


Convenient access is provided not only by means of 
stairway, but also by means of an easy incline up the 
stove foundation to the cast house floor. The grouping 
of a number of allied operations which must of necessity 
come under the eye of the blower at the furnace is very 
noteworthy at this point. The stove platform is at prac- 
tically the same elevation as the cast house, the cast 
house being reached by an easy incline not over 2 ft. 
in height from the stove platform. The stock bins are 
easily reached by a walkway from the cast house. This 
walkway passes the skip hoist house where the skip hoist, 
bell operating cylinders, and distributing mechanism are 
placed, and also passes the skip incline proper. The 
blower foreman is thereby able to watch not only the 
work in the cast house and about the furnace, but, with- 
out getting more than a few steps from the cast house, he 
can always check up on stove practice, or by watching ‘the 
skip buckets, on the regularity of filling. 


Provision is made so that the furnace can be rodded 
from the cast house as a check upon the men in the stock 
house. The shutters in the iron runners are opened and 
closed by steam cylinders, these being operated from the 
central control station at the furnace front where the 
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snort valve wheel, the control for the Berg mud gun and 
signal apparatus are located as one unit. ‘The cast house 
is supplied with a complete set of blast furnace tools de- 
signed by the engineers. 


A new type of boiler setting has been installed by the 
engineers as shown in Fig. No. 6. This provides a high 
setting of the boiler and gives an exceptionally large volu- 
metric space per bo. hp for complete combustion either of 
blast furnace gas or solid fuel. The gas burners, consist- 
ing of four 14” Birkholz-Terbeck burners, are installed 
at the back of the boiler. The combustion chamber for 
gas is under the mud drum, there being provided a dis- 
tinct combustion chamber of large volume for the burn- 
ing of the blast furnace gas without dilution by excess air 
through grate bars, or restriction of combustion by insuf- 
ficient space, as in the usual setting. At the front of the 


‘boiler, grates are provided for auxiliary hand firing. The 


boiler is so designed that 1f increased power generation is 
desired stokers may be installed in the place of ordinary 
grates, without any work being done on the boiler other 
than simply building on a Dutch oven extension. The 
design has proven to have several very important advan- 
tages; it enables the boiler to be run at very high efh- 
ciency due to complete combustion obtained in the large 
volumetric space, it enables considerable overload to be 
carried on boiler due to the generation of high tempera- 
tures, and it minimizes the difficulties due to encrustation 
of the tubes with dust or ash. 


In the power house considerable advance in desion 1S 
shown. Special attention has been paid to daylight light- 
ing. Ample floor space is provided and the engineers 
have incorporated all the successful features of modern 
power plant design. These are described in detail in an- 
other part of the article, but special mention should per- 
haps be given to the high intakes provided for the turbo 
blower, the advanced type of turbo blower installed, the 
completeness of the electrical equipment, and the well 
worked out system of water circulation and re-use. 


In the blast furnace proper the engineers have de- 
signed a furnace which represents the best development 
in recent years with similar stacks built by them. The 
arrangement on the furnace top has been very materially 
improved as regards safety and convenience in work. The 
mantle and column has been increased in section and the 
manner of hanging the circle pipe, discharge trough and 
bustle pipe has been improved. An auxiliary cinder notch 
is provided. The iron and steel work of the furnace is so 
designed that the furnace can be enlarged at succeeding 
blasts if it should be found advisable. Other matters that 
are described later, but which should received particular 
mention, would be the evident care devoted to economy 
in quantity of concrete in the foundations, trestle ap- 


_ proach, highway bridge and pig casting machine; and 


the new type of cantilever skip incline which affords 
greater rigidity of construction, and increased room in 
the cast house and on the furnace top. 


Particular mention should be made of the improved 
gas main system which originated with Mr. D. T. Crox- 
ton. Contrary to the usual arrangement where gas mains 
are led overhead both at the boilers and stoves, the Trum- 
bull-Cliffs gas mains are placed underneath or outside 
of the stoves and boiler house. At the stoves the large 
gas main from the gas cleaning plant goes to a water seal 
separator whence it is led along the piers of the skele- 
tonized stove foundation. From this main pipes are led 
directly up through the stove platform to the stove gas 
burners. The main is given a slope which makes it easy 
to clean. On the boiler house side the large gas main 
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from the cleaning plant goes to a similar water seal sepa- 
rator whence it 1s led along at about vard elevation out- 
side of the boiler house between the envine and the boiler 
house. This main is also given a slope and provided with 
downlegs for cleaning. From this main individual leads 
are taken to each boiler, the pipe for the gas burners 
coming up through the boiler house floor. This arrange- 
ment of mains is conducive both to cleanliness of the 
plant, ease in cleaning of mains and freedom from gas 
about the stove operating platform and inside the boiler 
house. 

The grouping together as one unit of all elements of 
gas cleaning, the very complete maintenance and repair 
shop. and the excellent provisions made for the housing 
of the executive, general office, chemical and police de- 
partments should also be given special mention. 

Starting in with the receipt of raw materials, the ore 
and limestone are unloaded by means of a Mead-Morri- 
son movable car dumper. This dumper has a 5/-ft. 
cradle and a capacity of 320,000 Ibs. and is guaranteed 
to handle 30 cars per hour. The cradle is provided with 
both dvnanie and air braking and has a travel the entire 
length of the ore and limestone vard. 

Spanning the vard is a Mead-Morrison ll-ton man 
trolley ore bridge. It has a capacity of 600 tons per hour 
from the dumping pile to the storage pile or from the 
storage pile to the bins. The method of handling the ore 
and limestone consists in the movable car dumper placing 
material in a concrete dumping trough beneath the shear 
leg cantilever of the bridge. The 11-ton bucket picks up 
the material and delivers it to the main storage pile under 
the span of the bridge, or to the stock bins. or to the 50- 
ton Atlas transfer car when the materials being handled 
out of the stock pile are not directly infront of the stock 
bins into which they are being delivered. 

The ore bridge has a cantilever at the shear leg end 
of such length as to permit delivery by the grab into rail- 
road cars on the track approximately 32 ft. from the 
foot of the shear leg. This enables ore buckets to be 
changed and also enables the ore bridge to handle repair 
work at the car dumper. It has a sinular cantilever at 
the pier leg end so that the ore bridge can handle the 
skips when they have to be replaced on the skip incline. 
The bridge has a travel speed of 70 ft. per minute and 
is of the skewing type, permitting either the shear leg or 
the pier leg to advance five degrees ahead of the other. 
It 1s completely equipped with safety devices to prevent 
over-travel of either leg. to prevent over-travel of trol- 
ley, and is equipped with magnetic solenoid brakes and 
rail clamps for provision against high winds. 


The stock yard is 270’ wide by 505’ long and has 
a storage capacity for 250,000 tons of ore and &0,000 tons 
of limestone. Operating upon the ore bins is an Atlas 
90-ton capacity side dump electric ore car, equipped with 
air operated brakes, doors and car pusher arm. The bins 
are provided with a cross-over and suitable conductors 
so that the transfer car can work on either of the two 
tracks on the bins. 

The ore bins were designed and installed by the 
Hoover & Mason Co. They consist of nine ore pockets 
having a capacity of 3,120 cu. ft. each, four limestone 
pockets having a capacity of 2,900 cu. ft. each, and five 
coke pockets having a capacity of 2,900 cu. ft. each. In 
addition there is one central double compartment coke 
pocket, each compartment chuting coke to the skip bucket 
over a rotary grizzly screen. The rollers underneath the 
limestone pockets are perforated for screening. 


The scale cars are Hoover & Mason double compart- 
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ment type, equipped with air brakes, air operated doors 
and dial indicating and recording scales. “Turn-out tracks 
for the spare scale car are provided under one part of 
the reinforced concrete trestle approach, the other part 
of the approach being bricked in to atford housing for 
riggers’ tools, blast furnace spares, ete. 


The control station for the skip hoist is on the yard 
level in: proximity to the skip incline so that the skip 
operator has a view of the skip pit, as well as of the skip 
hoist track and the furnace top. The same station houses 
the control for the bell operating cylinders, the McKee 
distributor, the grizzly coke screens and the bell indicat- 
ing and rodding devices. Connection is provided to the 
cast house and “furnace top by speaking tubes. 

The skip incline is of the cantilever type. It 1s 
supported entirely independent of the blast furnace 
so as to avoid any side thrust on the shell, and is 171 
ft. 6 in. long with double track for skip cars of the 
trailer truck type. Skips are operated by a Lidgerwood 
electric double drum hoist, driven by a Westinghouse 
200 hp d. ic. motor. The hoist has a rope speed of 
S00 ft. per minute and is designed for an unbalanced 
load capacity of 20,000 Ibs. Cutler- Hammer control is 
supplied. This hoist is located in a concrete and brick 
house under the skip truss and above the tracks. This 
structure also houses the bell operating cvlinders which 
are actuated bv air from the cold blast main. An 
auxiliary air supply is provided from the high pres- 
sure compressor line, and this is automatically ad- 
mitted through a pressure regulating valve in the event 
of drop in the blast line pressure. Vhe control board 
for the Mckee distributor is located in this house. This 
control is for six-statiou, six-cycle cperation, but pro- 
vision ts made for installation of additional panels for 
different evcles of charging. 

The furnace top is of the standard double bell Frevn- 
Brassert design, having also a McWee distributor. The 
design of the receiving hopper and throat is worked out 
to give correct distribution even when the charge 1s not 
revolved. The entire top of the furnace has solid plate 
guard rails and special attention has been paid to accessi- 
bility of all working parts and for observing the distribu- 
tion of material in receiving hopper and Tor observing 
the dumping point of skip. Bleeders are provided with 
permanent rail platforms, as is also the outrigger. The 
outrigger is provided with a trolley for facilitating work 
of repair or relining. Access to the furnace top is by 
means of interrupted flight stairs up the skip incline and 
also by means of a bridge from the furnace top direct 
to the Otis elevator, and by a bridge to the stove top. An 
extra large door is provided as the gas seal. 


The six-passenger Otis elevator is a worm geared 
traction type, having a capacity of 1,500 Ibs. load, fully 
equipped with interlocking devices and emergency safety 
features. It has push-button control and four landings. 


The furnace is 92'x22'6” and has a capacity of 25,500 
cu. ft. The iron and steel work includes a heavy continu- 
ous cast iron sub-base. The concrete foundation 1s rein- 
forced by tension bands and the column base and columns 
are encircled by a reinforced concrete beam, extending 
between the columns up to within a short distance of 
the hearth jacket segments. There are ten cast iron col- 
unins and ten tuyeres, tuyeres being placed centrally he- 
tween columns, thus affording good working room. The 
columns are offset, which not only allows more room for 
work about the tuveres and places the columns and col- 
breakout, but affords the possibility of enl: irging the fur- 
breakout, but affords the possibility of enlarging the fur- 
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nace hearth and bosh in the future. The columns are 
one piece and entirely free from any cast-on iron lugs. 
The bustle pipe, circle pipe and waste water trough are 
suspended from the mantle. Special attention has been 
given the location of circle pipe connections and waste 
water trough overflow so that there is ample room on the 
bustle pipe walk and it is free from obstructions. The 
hearth jacket is of the standard Freyn-Brassert cast iron 
segment design, having cooling pipe cast in, and heavily 
wedged, banded and bolted. It is tapered, thus maintain- 
ing a safe thickness of hearth wall against erosion and 
breakouts and also maintaining ample brick at the bottom 
to prevent short holes and to prevent the hearth block 
from rising. The tuyere breast consists of a solid armor 
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where required, than in the upper part where an exces- 
sive depth of lining would be detrimental. No interior 
water cooling is given the lining above the mantle, but a 
permanent pipe spray with connection is affixed to the 
shell and a permanent platform is also provided at the 
spray. This platform is reached by a short bridge from 
the skip incline steps. A new design of bosh and tuvere 
breast plate is used, having baffles that give more posi- 
tive circulation of water and enable the plate to be more 
easily withdrawn in the event of its becoming cracked 
or burned. The hearth walls are cooled by the cast iron 
cooling pipe of the hearth jacket, which extend approxi- 
mately 9 ft. below the elevation of the tapping hole. The 
stock line is afforded protection by cast iron wearing 
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Fig. 12—General arrangement of Blast Furnace. 


of 114” plates with openings for the 10 tuyeres and for 
the bronze cooling plates. The bosh is reinforced with 
eight 114” thick bands, the bands being held by cast steel 
distance pieces to prevent slipping. The mantle is of a 
specially heavy built-up plate angle construction and is 
provided with a trough with drainage provisions for col- 
lecting shell spray water. The furnace shell, which is 
especially designed to meet modern furnace lines, is of 
butt strap construction on both the two bottom rings and 
the top ring. The intermediate rings are of double lap 
riveted construction. The shell is surmounted by a dome 
on which the large bell hopper ring is riveted. 


The furnace is lined with General Refractories Olive 
Hill steam pressed fire brick, the thickness of lining being 
heavier in the lower inwall, to afford maximum thickness 
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plates of high combined carbon content. These plates 
are laid integral with the lining and are of small surface 
dimension in each unit. 


The bustle pipe is insulated with Johns-Manville 
Vitro Fire Felt and easement against thrust against the 
columns by expansion of the hot blast main is provided 
in an expansion joint. 

“Green” unlined tuyere stocks are used. 

The hot blast stoves are three in number, with a total 
heating surface of 285,000 sq. ft. They are of the two- 
pass side combustion type of the standard Freyn-Brassert 
design. The stoves have a built in draft flue in the skele- 
tonized reinforced concrete foundation, this flue leading 
to an 8’x225’ Heine reinforced concrete stack, brick 
lined throughout. The stoves are equipped with blow-off 
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valves turned down into the chimney flue, standard 


Freyn-Brassert equipment of quick closing chimney 
valves, gas burners and gate type hot blast valves. Pro- 
vision is made for the future installation of an additional 
hot blast stove. These stoves have 314” checkers with 
2” checker walls, the design of checkers, arch and draft 
chamber equalizing the flaw of gas down through the 
checkers, thus overcoming the usual tendenev toward 
segregation of flow of gas ina hmited number of checker 
openings. ‘The stoves are insulated with Si-O-Cel pow- 
der and brick and are lined with General Refractories 
hre brick; hand made inwall quality is used im the com- 
busiton chambers and dome, and steam pressed mawall 
quality in the top of the checkers. The ring wall and 
bottom of checkers as well as draft chamber piers and 
arches are made of stove quality. “The gas main leading 
to the stoves is equipped with a buttertly valve which is 
intended later on to attach to a new Vrevn-Brassert de- 
sign of gas pressure equalizing equipment to maintain 
constant pressure in the stove gas main. 


The cast house, which is on the same elevation with 
the hot blast stove operating platform, is laid out to run 
cinder either to cinder ladles or to a cinder pit at the foot 
of the east house. The tron runners are laud out to deliver 
to three 75-ton Pollock short-pour hot metal ladles. The 
runners have a fall of 54” to the foot to give a minimum 
amount of scrap. Coke dust. sand, loam, clav, furnace 
tools, copper, ete., are brought to the cast house, and the 
25-ton crane, spanning the cast house, the hot metal track 
adjacent to the retaining wall of the cast house, and the 
working track outside of the hot metal track. ‘he mate- 
rials are placed in a permanent brick and conerete shed 
inside of the cast house. The equipment of the cast house 
includes a Berg-Brosius clay gun, which was specified 
not only as a safety measure but also for the purpose of 
keeping the blast on the furnace and gas on the boilers 
over casts. The working cinder notch is 45 degrees 
from the iron notch. An auxiliary cinder notch 1s pro- 
vided, this being fitted up with a standard cooler and 
intermediate cooler so that cinder can be withdrawn here 
in an emergency. The shutters are all of the Fraser re- 
mote control type. and snort valve wheel, mud gun con- 
trol and shutter control are all located at one point. Spe- 
cial lighting facilities have been provided and there are 
an abundant nunrber of hose connections for both high 
and low pressure water. Steam and air are piped to the 
cast house for use on mud gun and for other casual re- 
quirements. For the purpose of communication there is 
a speaking tube from the cast house to the nearby opera- 
tor’s house and to the furnace top, and there is also a 
duplex signal apparatus connecting the cast house with 
the boiler house and power house. 


The gas is taken off the furnace by four offtakes from 
an annular space about the big bell hopper, which reduces 
the average gas velocity and reduces the production of 
flue dust. These four offtakes lead to four uptakes. two 
»f which are surmounted by Baer safety explosion valves. 
The uptakes lead into four downtakes, each two combin- 
ing into one downcomer. The two downcomers enter the 
dust catcher radially. 


The gas cleaning system is located between the boiler 
house and the blast furnace. It consists of one 22’x40’ 
dust catcher for primary cleaning of gas. The gas is then 
led to a 12’6” Brassert tangential whirler where further 
amounts of fine flue dust are removed. From the 
whirler the gas is led through a series of goggle valve by- 
passes so arranged that the gas can be handled in a 
variety of ways. It is contemplated to run—and the sys- 
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tem is thus arranged—so that all the gas is led through 
the Brassert gas washer, thence through a water seal 
separator to the main leading to the hot blast stoves and 
to the boilers. If desired, only the stove gas may be 
washed and gas sent from the whirler direct to the boil- 
ers, or in an emergency rough gas mav be sent to both 
stoves and boilers. All these gas cleaning elements are 
located im one unit, completely equipped with platforms. 
thus making easy their supervision and care, and are 
standard equipment that have been used on upwards of 
90 installations embodying well worked out means for 
obtaining gas with not to exceed 0.2 grains of dust per 
cu. ft. The washer is of the latest type of Brassert 
washer and has a novel arrangement of sprays which pro- 
duces a large mass of sprav having an intense whirling 
action. Not only is there an appreciable economy effected 
in the use of water, but the washer handles and cleans 
dirtv gas even better than heretofore. To eliminate the 
nuisance of dust, which has always been such an annov- 
ance at blast furnace plants when the dust catchers are 
dumped, Mfr. D. T. Croxton has evolved an arrangement 
Which will dehver the dust from the dust catcher and 
Whirler to the cars ina moist state. This consists of a 
Bartlett-Snow double screw enclosed conveyor which is 
attached to the dust catcher by means of a special screen- 
Ing casting. The dust flows through this screen and falls 
into the first stage of the double serew convevor. This 
conveys the dust down into an enclosed trough of water 
and delivers it to the second screw convevor which again 
lifts the dust out of the enclosed trough and delivers it to 
the car. The dust in passing through the double screws 
submerged in the trough of water becomes thoroughly 
pugged and saturated with moisture. The coarse mate- 
rials that do not pass the screen leading to the pug mill 
go to the bottom of the dust catcher where thev are re- 
moved by occasional dumping of the main dust catcher 
bell. In an emergency the entire contents of the dust 
catcher may be removed in the usual wav. 


The gas main svstem consists in branches from the 
gas cleaning plant to both the stove and boiler gas mains. 
At both the stoves and boilers water seals are provided ; 
In addition a further complement of water seals is 1n- 
stalled so that the stoves or boilers may combinedly cut 
off from the entire gas cleaning svstem at cast or shut 
down, so that the wet cleaning svstem mav be isolated 
from the dry cleaning system, and so that the entire svs- 
tem may be isolated from the furnace. These water seals 
are provided with large capacity lines so that water can 
be admitted and the seals filled in a very short time. 


The blast main system starts at the turbo blowers. 
The discharge from the turbo blower is provided with 
an Ingersoll-Rand multiple port disc check valve. Motor 
operated cold blast valves are provided outside of the 
power house building. The cold blast main leads directly 
to the hot blast stoves, being provided with two counter- 
weighted blast relief valves and the usual snort valve. 
The snort valve discharge is turned down into the stove 
flue. The by-pass leaves the cold blast main at its end 
and leads around No. 3 stove, entering the hot blast main 
at the extreme end from the furnace. It is provided with 
a McCarthy check and regulating valve. 


The boiler house is 150 ft. long by 55 ft. wide and 43 
ft. high. It is of brick and steel construction with corru- 
gated steel monitor tvpe roof. All window sash is of 
steel, Truscon type, glazed with factory rib glass. 

There is provided 4,000 hp in units of 800 Class ‘*M” 
Stirling four-pass boilers, built for 231-lb. pressure and 
All boilers are gas fired, being 
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equipped) with four improved 14” Birkholz-Terbeck 
burners. These burners are placed at the rear of the 
boiler under the mud drum, the mud drum being set at 
an elevation of 10 ft. to provide large distinct gas com- 
bustion chamber. The burners are provided with means 
tor removal of cone for cleaning. Control of gas at the 
burners is by means of butterfly valves on the individual 
legs to each burner, and shut-off of gas is by means of 
one large gate valve in the main leading from the large 
boiler house gas main outside of the building. In addi- 
tion this main can be filled with water to form a water 
seal valve, thus safely isolating any particular boiler when 
it is to be entered for cleaning or repairs. The boiler 
house’ gas main itself is outside of the building at yard 
level, and dust removed from the main 1s washed through 
a concrete trench direct to the sewer. The main has an 
auxiliary bleeder at its end as does also the stove gas 
main. 

The boilers have provision for auxiliary coal fring, 


being equipped with Marion shaking grates. Coal is. 


brought into the boiler house by means of a track hopper 
which discharges onto a Jeffrey belt conveyor. This con- 
vevor was used in the construction work for handling 
brick and has been reinstalled at the boiler house to elimi- 
nate the large amount of hand labor usually employed in 
unloading coal. This Jeffrey belt in turn discharges to a 
Weller Manufacturing Company shuttle conveyor which 
runs along inside of the boiler house, by means of which 
coal can be discharged to any point along the boiler house 
floor. There are ash hoppers attached to the ash pits of 
each of the boilers. These hoppers are provided with 
gates at such elevation in the boiler house basement that 
a large truck can run beneath the hoppers. There is pro- 
vided a concrete runway from yard elevation down into 
the basement floor of the boiler house, and ashes will be 
dumped direct from these hoppers into an auto truck and 
used for fill on the property. 


The boiler draft requirements are furnished by a 
225'x12’6” reinforced concrete stack built by the Heine 
Chimney Company, brick lined throughout. The boilers 
are connected to this stack by an insulated steel breech- 
ing. Other equipment in the boiler house consists of Wil- 
hams feed water regulators and Babcock & Wilcox bare 
tube superheaters. The boilers are substantially built 
with particular reference “to resisting gas explosions, and 
the front so constructed that by addition of a Dutch oven 
any standard type of stoker can be placed in the boilers 
in the event either of expansion of the plant or desire to 
generate additional electric power with the existing unit. 
The boilers are placed singly, right and left settings, 6’ 
aisles. 


The boiler feed water is normally taken from the 
‘service water mains of the blast furnace plant, it being 
delivered under standpipe pressure to the We-fu-go 
water treating system installed by Wm. B. Scaife & Sons 
Co. This is an intermittent cold process having a capacity 
of 20,000 gal. of water per hour. From the We-fu-go 
system a 500-gal. capacity pump, provided with a spare, 
pumps water to two Cochrane 4,000-hp open type feed 
water heaters. From the heater water is delivered to the 
boiler feed pumps. These are 4” four-stage double suc- 
tion 500-gal. 600’ head Worthington pumps, driven by 
Terry turbines. From the boiler feed pumps water 1s de- 
livered to the boilers by means of an insulated boiler feed 
line. An auxihary boiler feed line is also provided for 
emergencies. The two centrifugal boiler feed pumps are 
supplemented by a Worthington Duplex 500-gal. 300-Ib. 
head reciprocating pump, w hich is connected up so that 
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for normal oper ration it can furnish high pressure water 
for fire service, or at the top of the furnace, or around 
the blast furnace and cast house for flushing, cooling cop- 
per, etc. All these pumps are in the power house base- 
ment and one operating suffices to take care of the boilers. 


The boiler house is laid out to permit expansion to the 
south for additional boilers, additional blast furnace units 
and coke ovens. 

The power house, which is 154 ft. long by 60 ft. wide 
by 33 ft. from first floor, 18-ft. high basement, is also of 
brick and stecl construction. Particular attention was 
paid to day lighting and ventilation. The blowing equip- 
ment consists of two Ingersoll-Rand turbo blowers. The 
air blower has five stages and the steam turbine seven. 
These blowers have a nominal capacity of 45,000 cu. ft. 
of air per minute at 30-lb. pressure, and will blow 55,000 
cu. ft. of air per minute at 22-lb. pressure. The turbines 
are of new Ingersoll-Rand design, having but two steam 
admission valves, one for normal load and one for over- 
load. The regulating device is also of an improved type, 
consisting of a single venturi instead of the old type of 
triple venturi. ‘The single venturi is not so sensitively 
affected by leaks in the intake line, nor by dust or dirt in 
the air. There is a separate air intake for each blower 
which is led up to a considerable distance above the power 
house roof. Recording gauges are provided on each in- 
take to record the amount and regularity of blast volume 
blown 

Electric power is generated in either of two Allis- 
Chalmers 1250 en v.a., 80% p. f., 2300-volt, 3-phase, 60- 
cycle 3600 r. p.1 etunbine generators equipped with di- 
rect connected alee A portion of this power is trans- 
mitted to the river pump house at which there are in- 
stalled three 250-hp 2300-volt, 760 r. p. induction 
motions driving the centrifugal pumps. These motors are 
of the wound rotor tvpe and are equipped with primary 
oll switches and secondary drum control, electrically inter- 
locked. The motors were furnished by the Allis-Chal- 
mers Manufacturing Company and the control switch- 
board was assembled by the engineers from parts fur- 
nished largely by the Westinghouse Electric & Manufac- 
turing Co. 

The bulk of the electrical power required at the plant 
is d. c. and to furnish this there were installed in the 
power house two Allis-Chalmers 750-kw, 720 r. p. m. 
motor generator units, supplying direct current at 250 
volts. The driving units are 1160-hp 220-volt synchron- 
ous motors, excitation being taken from the d. c. units. 
The synchronous motors are started from auto trans- 
formers at 33% voltage in order to minimize the start- 
ing demand on the generator units. The power house 
switchboard contains 16 panels divided into an a. c. sec- 
tion of eight panels and a d. c. section of eight panels. 
The arrangement is such that future additions may read- 
ily be accommodated. 


The a. c. switchboard is of the remote electrical con- 
trol type. The oil switches are mounted in the rear of 
the board, liberal space being allowed for access. Of par- 
ticular interest perhaps is the arrangement of a plug 
switch on each a. c. panel connecting with the power fac- 
tor meter, thereby enabling the total power factor to be 
determined as well as the power factor of the individual 
generators, synchronous motors and feeders. 


The d. c. feeders emanate from the power house direct 
to the car dumper and ore bridge and also to a distribu- 
tion center at the blast furnace. Here the skip hoist, 
transfer car and scale cars, coke braize svstem, and cast 
house crane are fed. Another feeder terminates in a dis- 
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tribution center at the pig casting machine, from which 
the strand drives and ladle house crane are fed. The ma- 
chine shop, office and power house auxiliaries are fed 
from the distributing panel of the power house switch- 
board. The greater portion of the electrical distribution 
is underground, liberal duct space being allowed for fu- 
ture growth of the entire system. The transmission to 
the river pump house was installed overhead for the rea- 
son that a portion of this line passes through territory 
subject to flooding. Duplicate feeder panels and feeders 
are supplied for this line to ensure continuity of service 
and to further protect the primary service pumps provi- 
sion is made for connection to the Trumbull Steel Com- 
pany across the river. 


The lighting system for the plant is exceptionally 
complete and effective. A three-wire 115-230-volt sys- 
tem is installed. There are two transformers at the power 
house, one at the skip hoist and one at the pig casting 
machine. In case a transformer burns out, one of the 
units at the power house may be utilized for replacement 
and the lighting in the power house district temporarily 
reduced. Wherever necessary lamps are protected from 
moisture; all lamps have suitable reflectors and all inac- 
cessible lamps have disconnected hangers. There is fur- 
thermore installed an auxiliary lighting system for emer- 
gency use, this being supplied from the exciter bus. The 
power and lighting installation is of exceedingly high type 


and safety for the men is provided in the shape of’ 


Leonard safety switches installed ahead of all starting 
and control equipment. Every detail has been arranged 
and installed in a most thorough manner. 


Steam lines for the plant are in duplicate, consisting 
of a large main header having capacity for the entire 
steam demands of blower, generator, pumps and auxiliary 
machinery in the power house. This is supplemented by 
another header tied in at four points so that in the event 
of replacement of any fitting or gasket on the main 
header, a sufficient number of boilers can be tied to the 
power house, cast house and pig machine operation. This 
auxiliary line has sufficient capacity to run the blower and 
pumps with some reserve for partial load on the genera- 
tor. The main steam lines are carried on brackets in 
the boiler house up to the tunnel which connects the power 
house and boiler house, where they are led direct to the 
power house. This same tunnel also serves for the boiler 
feed lines, high pressure water lines, service water lines 
and electric conduit, and is the regular means of com- 
munication between the power house and boiler house. 
All steam lines to blowers and turbines are underneath 
the main power house floor, thus presenting a very neat 
appearance. Steam lines and boiler feed lines are all 
covered with 85% magnesia insulation and have a very 
adequate equipment of drains and separators. The ex- 
isting lines, inclusive of the main steam header in the 
boiler house with its lead to the power house, from the 
first element of the eventual power and boiler plant, when 
the header will expand into a complete loop system with 
additional cross connections between the power house and 
boiler house. 


The power house is served by a Cleveland Crane & 
Engineering Co. 15-ton 4-motor crane, having 5-ton 
auxiliary hoist. Other equipment in the power house 
consists of a Worthington steam driven air compressor 
having capacity of 300 cu. ft. of free air per minute; the 
double Cochrane feed water heater; a 100-gal. Worthing- 
ton reciprocating pump that pumps treated water to the 
offices for washroom and laboratory service; two 5” 500- 
gal. motor driven water circulating pumps delivering 
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water from the water treating system to the heaters; and 
a set of Richardson-Phenix continuous by-pass turbine oil 
filtering system units. All of the equipment in the power 
house excepting the turbo blowers, turbo generators, 
motor generator sets and the switchboard, are housed in 
the basement of the power house, where in addition are 
the three 10” 4500-gal. 158-ft. head 1900 r. p. m. Worth- 
ington centrifugal pumps which pump the water for the 
plant use. These are driven by Terry turbines. The ex- 
haust steam from the service pumps, from the boiler feed 
pumps, from the office water pump and from the com- 


Fig. 13—General view of the plant. 


pressor, all exhaust to the Cochrane feed water heater. In 
the basement are also the condensers for the turbo blow- 
ers and generators. ‘There is provided at each blower an 
Ingersoll-Rand low level multiple jet condenser, and at 
each of the turbo generators there is a similar low level 
multiple jet condenser. These are installed for 28” 
vacuum and due to the design of the condenser no air re- 
moval nor water removal pump is required. Both the 
turbine floor and auxiliary basement floor present a very 
neat appearance, there being ample room and entire ab- 
sence of pipe interferences. 


The water system of the plant deserves particular 
mention as considerable economy is effected in the use of 
water, at the same time retaining the very desirable ele- 
ment of simplicity of circulation and furthermore obtain- 
ing the possibility of using different sources of water at 
many points in the event of failure of any particular 
source. 


The water system starts in at the river pump house 
which is of novel design in that considerable space is 
saved, consequently eliminating considerable concrete and 
excavation work. The suction well for the pump is in- 
side of the pump house, water being led from the pool 
outside into the tunnel though two 72” link-belt vertical 
traveling refuse screens. These are fitted with 3%” 
screens and driven by 5-hp motors. 


In the pump house are installed three 12” 6,000-gal. 
115-ft. head Worthington pumps, motor driven. Two of 
these pumps operating deliver water to the turbo blower 
and to the turbo generator condensers. Tail water from 
the condensers is led by means of a weir to a sump run- 
ning lengthwise of the pump basement. From this sump 
the three 4,500-gal. Worthington service pumps, two 
operating draw their supply and pump through a 20’x120’ 
standpipe located between the power and boiler house. 
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This standpipe in turn delivers water to the blast fur- 
nace, cast house, hot blast stoves, cinder pit, gas washer, 
pig casting machine and water purifving plant, together 
with all other miscellaneous uses. The flexibility of this 
system may be appreciated by stating that the lines are 
so arranged that, if desired, the standpipe can be by- 
passed altogether or it can be used simply as a floater 
on the service line, no water being actually pumped 
through it. Safetv provisions are adequately taken care 
of by connecting the line that leads from the river pumps 
to the condensers to the service water line into which 
the power house service pumps discharge. In the event 
of these pumps for any reason being out of conmission, 
the river pumps have sufficient head to keep water on the 
blast furnace bosh, stoves, water seals and to supply 
water to the feed water treating plant, thus assuring a 
supply of water that will prevent damage or serious acci- 
dent. A further safety provision is afforded in having 
this same by-pass line from the river pumps discharge, 
if desired, into the sump from which the basement service 
pumps draw their supply. This may be found useful in 
case the condensers have to be taken off. A further 
safety provision is found in an ingenious method of re- 
turning the bosh water. The overflow water from the 
furnace is all conserved and led by means of a separate 
pipe line back to a cistern at the extreme end of the 
basement sump. As long as the level of water in the 
basement sump 1s kept up to the mark by the water com- 
ing from the condenser tail water pits, then the return 
water from the furnace overflows into the sewer and 
back into the river. However, if the amount of water 
coming through the condensers and thence to the sump 
should for any reason be deficient, then the return water 
from the blast funace runs into the sump from which 
the service pumps pull their supply. Under normal con- 
ditions of operation there 1s about a 40% surplus of con- 
denser tail water going into the sump over and above the 
amount of water required at the plant exclusive of con- 
densers. To still further safeguard the plant supply of 
water the lines of the standpipe are equipped with check 
valves which will prevent the standpipe from emptying 
in the event of a break in the line. A final safeguard at 
the furnace is found in the provision of check valves in 
the two distinct water supply lines leading to the circle 
pipe. Between the circle pipe and these check valves is 
connected a line from the Worthington high pressure 
pump and inasmuch as this is in normal operation con- 
tinually kept floating on the high pressure line, then in 
the event of failure of lines or service pumps the fur- 
nace bronze can be preserved by opening up the line ad- 
mitting high pressure water to the circle pipe, the check 
valve preventing escape of this water back into the main 
service water line. ‘This high pressure water is similarly 
piped up to the stove fittings and to the main isolating 
water seal valve, and in an emergency the high pressure 
pump can draw its supply of water from the standpipe 
which, in the event of a very bad accident or breakdown 
at the pumps or lines, would still remain full of water. 
It will be seen that the plant is assured of a supply of 
water that will last almost indefinitely in an emergency 
by virtue of the provisions for recirculation of water. _ 

The boiler feed pumps similarly have a triple source 
of supply. Normally they take from the feed water 
heater. In emergency they also draw from the basement 
sump, from the blast furnace service water lines or from 
the line leading from the river pumps to the condensers. 
The turbines similarly draw on two sources for their 
supply of cooling water, i. e., the service water supply 
line and the condenser water supply line. 
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In addition to the link belt traveling screens at the 
river pump house, the lines are further provided with 
Elliott twin basket strainers at both of the supply lines 
to the furnace circular pipe and to the stoves, and also 
at the line leading to the gas washer. The boiler feed 
line, the gas washer line and the furnace supply water 
line are provided with venturi meters. . 

A tank is provided at the machine shop to which 
treated water is pumped from the power house basement 
for the use of the yard locomotives. 

The sewerage svstem is very largely an open one, 
this type being decided upon on account of the many 
unfortunate experiences with closed sewers about blast 
furnace plants where so much rubbish, such as graphite, 
granulated cinder, etc., is liable to plug the sewers. Spe- 
cal pains are taken at the cinder pit to avoid escape of 
granulated slag into the sewer svstem, there being pro- 
vided a settling basin and submerged weir to prevent as 
much as possible the escape of cinder. The overflow 
water from the pit runs through a screened open sewer 
to the sump beneath the gas washer. Here the cinder 
pit water joins the discharge from the gas washer and 1s 
led in an open sewer to the boiler house. A sewer, which 
carries off ash-up water and also the drainage water from 
the hot blast valve fittings is led from the furnace and 
stove foundations to intercept the main open sewer. At 
this point the sewer runs underground a distance of about 
500 ft. through 48” reinforced concrete sewer furnished 
by the Massey Concrete Products Corporations. The 
boiler house and the trench underneath the gas main in 
the rear of the boiler house are drained into this sewer. 
As it passes beyond the corner of the power house it 
emerges again into an open sewer which 1s led down to 


- the river. Into this sewer also drains the surplus con- 


denser water; any surplus bosh return water, and the 
drainage from the rower house basement. The sewer ts 
of ample capacity to handle all surplus and waste water 
as well as storm water about the plant. 


Hot metal is normally shipped to the mixer of the 
Trumbull Steel Company, but there is also provided for 
the casting of chill iron a double strand pig casting ma- 
chine. This is standard Heyl & Patterson equipment 
having manganese links and pins. The pig machine 
strands are mounted on a reinforced concrete structure. 
This type of construction was oiginated at the blast fur- 
nace plant of the Otis Steel Company and was chosen 
because of elimination of deterioration encountered with 
structural steel supports by reason of the large amounts 
of steam and water about the operation. The concrete 
structure provides ja continuous platform under the 
strands, makes for an easy replacement of molds, and 
provides a channel for spray water which is carried into 
a sump at the pouring end. The length of rails is lim- 
ited to 11 ft. to make a convenient length for handling 
when replacements are necessary. All castings used in 
connection with the machine and in connection with the 
structure can be replaced with open sand castings poured 
at the cast house of the plant. The machine is laid out 
for additional strands with the growth of the plant. Inte- 
gral with the pig casting machine is a combined ladle and 
pouring house. In this is a 55-ton Morgan pouring and 
ladle handling crane having 100% overload capacity. 
This serves both to pour the ladles by means of the 
patented Pollock short pour device and also serves for 
removing the ladles from the trucks for relining. <A 


spare ladle 1s provided to be held in reserve for lining. 


Considerable study was given the location of the 
track scales and these were so located that they serve 
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admirably both for the light and heavy weighing of pig 
iron cars as well as for check weights on receipt of raw 
material into the yard. A well designed scale house 1s 
noteworthy, in which is also incorporated the vardmaster’s 
office, locker rooms for train crews and washroom facill- 
ties. The facilities at the scale house office are supple- 
mented by a larger locker and service room for the fur- 
nace men located in proximity to the incline leading from 
yard level up to the furnace and stove foundation top. 
Additional toilet and locker rooms are located in the base- 
ment of the power house and boiler house for the men, 
and at the machine shop. 


Provisions for repair and maintenace of the plant and 
its equipment are all grouped in one large central ma- 
chine shop building. In the center bay of this building 
is the machine shop proper which is arranged for a travel- 
ing crane spanning a very complete complement of ma- 
chine tools adequate to machine and repair all parts of 
equipment and castings going into the construction or 
repair of the plant. There are two lean-tos which house 
the chief engineer’s and general master mechanic’s office. 
and which also have the pattern shop, electrical shop, pipe 
fitting shop, blacksmith shop and storeroom. The store- 
room for large castings and bronze parts is in a bricked-in 
hause under the trestle approach and the storage for rig- 
ger tools is in a similar brick house. The general admin- 
istrative and executive offices are in a large well designed 
building at the plant entrance. Here is placed the general 
superintendent’s and his assistant’s office, the office of 
the chief clerk and the timekeeping, distributing and 
clerical force, the laboratory, police and employment 
offices, and the cafeteria. 


The quantities of material used in connection with 
this job are of interest. There were placed 2,246 20° to 
30’ Raymond reinforced concrete piles; a total of 61,974 
cu. yd. of excavation; 31,601 cw. yd. of concrete; 224,365 
cu. yd. of fill; 750 tons of reinforcing steel; 1,270 tons 
of plate; 729 tons of castings; 145 tons of structural 
shapes; 65 tons of forgings; 1,251 tons of structural steel 
in buildings 1,020 M building brick; 2,083 M fire brick, 
and an average of 371 men were emploved per day for 
the 10 months’ period of construction. 


The contractors engaged in this work were as follows: 
Fabrication and erection of iron and steel work other 
than structural, the William B. Pollock Company: fabri- 
cation and erection of structural steel in buildings and 
skip incline, Lackawanna Bridge Company and Hill 
Clutch Company; Phenix Iron Works and the Pennsyl- 
vania Engineering Works furnished some of the iron 
and steel castings. All brick work in furnace, stoves, 
boilers, power house and offices was placed with the P. J. 
Brown Construction Company; the concrete was put in by 
Arthur G. McKee & Co.; car dumper and ore bridge, 
Mead-Morrison Manufacturing Company; ore bins and 
scale cars, Hoover & Mason. Piping was installed by B. 
Floersheim & Co. Instruments for the blast furnace and 
power and boiler houses were supplied by The Bristol 
Company. The Trumbull-Cliffs Furnace Company, in 
the person of Mr. J. S. Fraser, works manager, and Mr. 
O. C. Callow, electrician, supervised and directed the plac- 
ing of most of the equipment wiring and switchboard. 


The construction of the plant was directed by the 
organization of the Cleveland-Cliffs Iron Company 
through Mr. D. T. Croxton. manager of their pig iron 
sales department. The plans and specifications for the 
complete plant and plant equipment were drawn up by 
Freyn, Brassert & Co., Chicago. These engineers also 
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had supervision of construction, Mr. Roy W. Clark being 
chief resident engineer, for the firm. 


The Trumbull-Cliffs Furnace Company, through its 
executive and its superintendent, cooperated with the en- 
gineers in all details of planning the work, in purchase 
and delivery of materials, and in expediting the work in 
the field. 


On completion the Trumbull-Cliffs Furnace Company 
held “open house” and the plant was visited by a large 
number of executive and operating officials of the iron 
and steel plants of the country. The many features and 
the remarkably quick time of construction have been the 
object of much favorable comment and the Trumbull- 
Cliffs Furnace Company is not only to be commended for 
the opportunity it has given the men in the industry for 
personal inspection of the plant, but is also to be con- 
gratulated upon the ownership of a plant that represents 
such a conservative and successful application of sound 
operating and engineering features. 


QUESTIONS AND ANSWERS. 


Question recently submitted to the Blast Furnace 
aud Steel Plant. 

“What is the cause of negative brushes pitting and 
the positive brushes picking copper on a D. C. gener- 
ator 800 kw. 83 rpm. 3,200 amps? Machine is not over- 
loaded. 


Answer: The condition experienced above is in 
the nature of an electralytic action. Where the elec- 
tric current flows from one surface to another, there 
is a tendency for small particles from the substance 
out of which the current flows to the other conductor. 


Thus in a generator, negative brushes are eaten 
away and the carbon in some cases deposited on the 
surface of the commutator causing it to blacken. 


If the action is more severe, copper is taken away 
from the commutator and deposited on the positive 
brush, and the commutator takes on a bright surface 
but does not polish. 


This action is due to too high current density under 
the brush. This may not necessarily mean that the 
load current is too high, but rather that the short 
circuit current—due to improper commutation of the 
voltages generated by the process of commutation is 
excessive. 


This may be caused by improper brushes, wrong 
and gap between armature and interpole, saturation of 
the interpole circuit, interpoles not properly adjusted 
as to the ampere turns, and brushes not on the elec- 
trical neutral. . 


This action will also be noted on revolving field 
alternators, where one ring becomes very rough and 
is caten away while the other ring takes on a bright 
polish. 


This action also comes into play on the slip rings 
of rotary converters, causing them to become eccen- 
tric and the brushes to chatter. 


This explains why brushes should be staggered in 
pairs and not alternately. In staggering brushes alter- 
natively the positive brushes will run in the same track, 
thus grooving the commutator. 

A large majority of comutator wear is due to this 
and not to the abrasive material in the brushes as often 
supposed. 
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Steel Plant Electrical Engineers 
Convention 


Association of Iron and Steel Electrical Engineers Hold Fifteenth 
Annual Convention in Chicago—Many Valuable Technical Papers 
Are Presented—Interesting ani of Electrical Equipment for 


Steel Plants. 


tion of Tron and Steel Electrical engineers was 
held in Chicago, September 19th to the 24th. The 
headquarters being at the LaSalle Hotel and the ses- 
sions and exhibits on the Municipal Pier. About one 
thousand members of the Association attended the 
Convention. 


"T tics Fifteenth Annual Convention of the Assucta- 


Technical papers were presented by well known 
men of the steel industry, among whom were: 


R. B. Gerhardt, Electrical Superintendent, 
Bethlehem Steel Company, Sparrows Point, Md. 
R. D. Cousins, Electrical [ngineer, 
— [hnois Steel Company, Gary, Indiana. 
G. R. McDermott, Assistant engineer, — 
Illinois Steel Company, So. Chicago, Il. 
W. N. Flanagan, Steam [-ngineer, 
Ohio Works, Carnegie Steel Company, Youngs- 
town, Ohio. 
F. B. Crosby, Electrical Iengineer, 
Morgan Construction Company, 
Mass. 
A.C. Bunker, Electrical engineer, 
Crocker Wheeler Company, Ampere, N. J. 
At M. MacCutcheon, Designing Itngineer, 
Rehance Electric & [:ngineering Co., Cleveland, 
Ohio. 
IX. T. Moore, Electrical engineer, 
Halcomb Steel Company, Syracuse, N. Y. 
F. W. Cramer, Engineer of Tests, 
Cambria Steel Company, Johnstown, Pa. 


Worcester, 


Abstracts of several of these papers are given 
in this issue of “The Blast Furnace and Steel Plant” 
magazine. 

The exhibits were very interesting. Practically 
all the large electrical manufacturing firms were repre- 
sented. The social end of the Convention was very 
well taken care of. 

One particularly interesting paper was presented 
by F. B. Crosby on “The [leetrical Engineer in the 
Steel Plant and Out.” During the course of his paper 
Mr. Crosby said: 

We are so often reminded that “This Is an Age of 
Specialization,” it may be hardly necessary to again 
emphasize the fact that never in the world’s history 
has the demand been as insistent as it 1s today for 


men skilled to a degree possible only to the intensively. 


trained specialist. “Uhis demand is not a passing fad 

or fancy, but is rather the direct result of necessity. 
In all ages there have been those who, by virtue of 
Included in the report of this meeting are abstracts of sev- 

eral of the papers read. Complete papers may be secured from 


J. H. Kelly, Secretary, Association Tron and Steel Electrical 
engineers, Pittsburgh, Pa. 
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unusual talents, inherited or acquired, have stood head 
and shoulders above their fellow workers. It 1s prob- 
able that even in those far distant days when man first 
began to exercise the power of reason, and thus began 
his never ending divergence from the lower forms of 
life, it was noted that certain individuals of the tribe 
could more effectively fashion clubs, hatchets ‘and 
arrow heads, while others were more proficient in the 
use of these crude implements of warfare and the 
chase. . 

The maker of arrow heads did not possess, nor did 
he have the ability to acquire, the skill of his brother 
in the chase. He remained, therefore, in his cave busy 
at his own craft producing a supply of arrow heads to 
exchange for a portion of the necessities and luxuries 
of existence accumulated by his more’ strenuous 
brother. ) 

What is more natural, then, than that there should 
have come into existence, even in the early dawn of 
human progress a partial segregation of labor and a 
system of barter which, in its essentials, bore the same 
relations to the average intelligence and needs of the 
individual as do our great productive enterprises to 
the keener intelligence and more comprehensive re- 
quirements of today. | 

As the race merged from a state of savagery its 
wants became increasingly diversified and the maker 
of stone arrow heads became the maker of implements 
of wood and bronze. The variety of products de- 
manded of him became so great that he could no longer 
construct all with equal facility, consequently he quite 
naturally devoted his attention chiefly to those articles 
which he could produce better and quicker than his 
neighbor, and thus assure to himself a profit from his 
labor. So we have another step in the segregation of 
industrial activities as a logical sequence of the 
progress of mankind. 

Our primitive ancestors recognized, with reason 
scarcely to be differentiated from instinct, certain 
fundamental economic principles which we with all 
our boasted advantages of civilization are too apt to 
disregard or completely lose sight of. 


The comparatively early appearance of the religious 
motive inherently characteristic of all mankind gave 
rise to a priesthood which for many centuries seems to 
have developed and concentrated within its own juris- 
diction all existing knowledge of metaphysics, engi- 
neering and what is now referred to as “pure science.” 
The ancient Aztecs and Egyptians must have pos- 
sessed a knowledge of mathematics and astronomy al- 
most unbelievable, in view of their apparent lack of 
our modern aids in this field of research. The Aztec 
calendar, carved in stone and still in existence. pro- 
vided at least 50 per cent greater accuracy in the meas- 
urement of solar time than does the Gregorian Calendar 
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produced many centuries later, and now in general use 
throughout the civilized world. 


Such marvelous achievements as the Egyptian 
pyramids, the hanging gardens of Babylon, the un- 
surpassed architectural features of the stone temples 
in the Peruvian Andes and of the Aztecs in ancient 
Mexico, are silent but commanding witnesses to the 
master minds which conceived them and directed their 
construction. Who can say but that these ancient 
works will continue to stand for untold centuries after 
the greatest of our modern envineering enterprises re- 
turn to dust and the great nations of the present times 
are but a fading memory ? 

In reviewing the work of past generations, one al- 
ways finds the specialist. He has ever been an essen- 
tial factor in the intellectual and aesthetic as well as 
the industrial lite of all peopies. His functions have 
been identical in character and have changed only 
in degree. Every age has had its vreat artists, sculp- 
tors, writers, philosophers, executives and skilled 
craftsmen. Many of these have been great not only 
when measured by standards of their own day and 
environment, but by the standards of all time 


With the introduction of the age of steam and elec- 
tricity came unprecedented improvements in trans- 
portation. With almost unlimited facilities for per- 
sonal communication and interchange of ideas through 
the media of telegraph, telephone and modern press, 
the sum total of human knowledge has increased more 
rapidly than has the mental capacity of the individual 
for assimilation of this knowledge. 


The average level of human experience and know!l- 
edge is rapidly rising, and at an increasing rate. The 
inability of the finite mind to grasp the infinite or even 
that infinitesimal portion represented by classified 
knowledge has compelled an attention to detail on 
the part of the present-day business or professional 
man which, in too many instances practically  pre- 
cludes more than a superticial acquaintance with other 
equally essential activities. 

And so we find a logical basis for our major premise ; 
that today is the day of the specialist whether it be in 
politics or business, in the field or art and letters or in 
the professions of law, religion, medicine or engineer- 
ing. 

The day of the Jack-of-all-Trades, an extremely 
valuable member of society in pioneer life, is rapidly 
giving way to the man whose motto 1s “To know every- 
thing about some thing and something about every- 
thing.” 

This condition of affairs ts by no means an un- 
qualified blessing; in fact it possesses certain very un- 
desirable not to say dangerous possibilities. 


The electrical engineer is a much younger but very 

lusty offshoot of that fraternity so long composed 
chiefly of mechanical, civil and mining engineers. It 1s 
but forty years since the [dison bi- polar of 16 in- 
candescent lamp capacity represented the climax of 
electrical achievements, yet in that short time the 
electrical industry has grown to the marvelous pro- 
portions with which you are familiar. 

We have long since reached the point where to be 
known as an electrical engineer 1s not sufficiently dis- 
tinctive. In no other of the several main branches of 
engineering has the necessary and continuous sub- 
division of duties been so marked. A general knowledge 
of the fundamental laws of electricity and magnetism 
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is essential in all cases, but today we must have the 
specially trained electrical expert; one, for example. 
who shall concentrate all his efforts on the design of 
motors, and not merely motors, but alternating current 
motors, and still further a specific type of alternating 
current motor; another on certain types of generators ; 
another on transformers; another on switchboards ; an- 
other on magnetic control; another on station layout ; 
another on transmission systems; another on applica- 
tion and operation of all these. We must, also, have 
the telephone engineer, the signal engineer, the illumi- 


nating engineer, the electrochemical engineer, and so 


on without end—and yet they are all electrical engi- 
neers; each in the daily routine of his highly special- 
ized effort is absolutely dependent upon the separate 
and combined efforts of all the rest. 


This interdependence and necessity of close co- 
operation must be emphasized. Any attitude of 
jealous exclusiveness within engineering bodies which 
should and do have so great a community of interests 
as do the American Institute and the A. I. & S. EE. E. 
is greatly to be deplored. The functions of these two 
associations make contact at many points and in some 
stances overlap, but as a whole they certainly are 
not super-imposed. The A. I. E. I. has the greater 
range of interests and is the inclusive organization. 
All of our members should be, as many of them already 
are, members of the A. I. Ek. E. also. \We must regard 
ourselves as a part of the great body of electrical engi- 
neers, and at the same time as a group of specialists 
who for the advancement of our individual and collec- 
tive interests as steel mill engineers must maintain our 
organization as an independent entity. 


With the increasing variety and complexity of 
electrical interests, the line of cleavage between the 
so-called operating engineer and the engineer who con- 
fines himself to research or design threatens to beconie 
even more sharply defined and, while this to a certain 
extent is inevitable, it is most unfortunate. We must 
each exert himself to overcome this natural tendency 
and endeavor to become familar with others’ probleins 
at least to the extent of yiclding intelligent apprecia- 
tion of their efforts. 


As operating engineers we cannot escape the fact 
that we are deeply indebted to those of our profession 
who spend their time and energy in experimental and 
analytical investigation of such natural resources and 
phenomena as have not yet been brought to a state 
of practical utility. The man who by virtue of natural 
ability and opportunity gives himself to research and 
the classification of theories will naturally tend to fore- 
gather with those of similar interests. This is equally 
true of the man who, lacking the opportunity for in- 
tensive training in a technical institution, has ‘been 
forced to accumulate his experience first-hand from 
direct contact with problems of installation and opera- 
tion. ‘Phere are extremes of each of these types who 
can never speak a common language, but the great 
majority of us in whatsoever manner our experience 
may have been gained, will be mutually benefited by 
closer association and interchange of ideas. We must 
avoid the danger of “inbreeding” which is just as real 
in engineering as in agricultural pursuits. Profes- 
sional jealousy or indifference and its resulting in- 
sularity of ideas is more often than otherwise a con- 
fession of weakness. On the other hand competition 
and professional rivalry are most desirable and should 
be encouraged. 
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We have heard much in recent months of the need 
of “Less Government in Business and More Business 
in Government.” We should go further. We need 
“More Engineering in Government, Both Local and 
National.” 


We need the same kind of reasoning and the same 
type of administrative methods in our civic affairs that 
we find in force in any of our great engineering works. 
The trained engineer compelled to look facts squarely 
in the face, who deals daily with the unchanging char- 
acteristics of material substances, and the laws which 
govern the transformation and dissipation of energy, 
comes to consider orderliness and the elimination of 
waste whether of effort or materials, as the greatest 
of human objectives. His one aim in life 1s to bring 
the margin between actual achievement and 100 per 
cent efficiency to an irreducible minimum. 


The engineer is coming into his own at last largely 
because of a clearer recognition and personal accept- 
ance of the part which his training and experience 
peculiarly fit him to play in moulding public opinion 
and directing public aftairs. 

Engineering has been defined as “the art of utiliz- 
ing the materials and controlling the forces of nature 
for the benefit of mankind.” This definition falls short 
of its intended scope fi it dues not include among the 
available “material and forces of nature,” the person- 
alities and mental equipment of our fellow men. In 
these days of industrial and social unrest we need as 


October, 1921 


never before the clear vision and straightforward rea- 
soning of the engineering mind with its power of dis- 
crimination between fact and fancy, and its logical 
deduction therefrom unbiased by sentiment or emo- 
tion. As engineers and as citizens we must face and 
accept the responsibilities which are inseparable from 
the privileges of education and experience which this 
country affords. It is up to us as individuals and as 
an organized body in the interests of society, which 
includes equally, ourselves, those for whom we work, 
and those who work under our direction—to exert 
ourselves to counteract the unsound propaganda put 
forth by unscrupulous or at best uninformed leaders 
of organized labor. Unfortunately the danger to our 
social and industrial lite from this source is scarcely 
greater than from the emotionalism of many of our 
self-appointed modern reformers who through the 
media of the lecture platform, pulpit and press are 
vigorously attacking with sweeping condemnation the 
whole industrial system. The danger from this source 
lies not so much in the evils revealed as in the mis- 
representation of facts through carlessness or by ma- 
licious intent and the erroneous deductions therefrom. 
The total absence of constructive criticism on the 
part of these would-be reformers cannot fail to leave 
in the minds of the average person who rarely takes 
the troubles to ascertain the facts and form unbiased 
opinions, an impression of unrest, discontent and hope- 
lessness entirely unjustified by actual conditions. 


Anti-Friction Bearings in the Steel Mill 


By A. M. MacCUTCHEON. 


HI history of the anti-friction bearing 1s closely 
"TL iaentitiea with the development of the bicycle and 

the automobile. I¢limination of friction has always 
been a most fascinating study in all branches of engi- 
neering. ‘(here is no authentic record of the date 
at which it was found that rolling friction was less 
than sliding friction, but presume it was at that time 
when our forefathers found it easier to roll than to 
drag a body. The use of rollers under a block of stone 
was known to the ancient Egyptians. Wheels used 
on chariots marked the first development in changing 
rolling friction betwen the ground and the weight, to 
rubbing friction in an axle. Later it was found that 
if the surface in the hub where the friction took place 
were properly prepared and lubricated, a great reduc- 
tion in friction resulted. Bearing development has 
generally been in the direction of reducing friction and 
increasing reliability. Crude ball bearings were first 
considered about 1862 to 1870, the Patent Office files 
showing several patent applications at about this date. 
These early ball bearings, however, were not prac- 
tical and are merely of theoretical interest. The first 
practical applications came in the early nineties with 
the use of the cup and cone bearings on bicycles. The 
tremendous development of this industry furnished the 
stimulus for a very intensive effort toward the produc- 
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tion of a bearing which could be more general in its 
application. The first type of the annular or ring 
ball bearing was developed about 1901, based upon 
investigation made by -Professor Strybeck. The an- 
nular bearing consists of two entirely independent 
concentric rings of practically rectangular section and 
with groove shaped raceways in the outer surface of 
the inner ring, and the inner surface of the outer ring. 
In this groove a row of balls is placed and the whole 
is a self-contained, non-adjusting bearing. It was 
recognized that theoretically the annular bearing 
should contain as many balls as the space permitted. 
‘The number of balls which may be introduced in any 
bearing is very intimately conncted with the method 
of assembly, which will be discussed in greater detail 
under the various types of bearings. One method is to 
have a slot in the side of the bearing which method 
permits of the maximum number of balls, but which 
results in a break in the continuity of the race and 
usually seems to necessitate the use of a shallower 
groove. 


Another method is embodied in the Conrad patent, 
in which the introduction of the balls takes place by 
means of an eccentric displacement of the rings in re- 
lation to each other. 


With this method the number of balls which may 
be introduced is limited, the raceway, however, is 
continuous and very deep grooves may be used. At 
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about this time a large number of ball and roller 
bearings were designed and built, some of which 
proved to be very satisfactory, and some quite the 
contrary. Little was known as to the proper selection 
of the size of balls, and many misapplications were 
made. Some of the enginers working on the anti- 
friction bearing problems felt rollers would be more 
desirable than balls for use in a bearing, claiming that 
with a roller line contact is secured as opposed to 


Fig. 1—Assembly of Balls. 


point contact in a ball bearing. This claim, however, 
is not conceded by the manufacturer of ball bearings. 
One particular type of bearing which has been very 
largely used was developed with a rolt not solid but 
made up of a spiral. Considerable difficulty was ex- 
perienced with misalignment, and the consequent 
stresses not anticipated in the design. In 1906, a 
native of Sweden invented a two row annular bearing 
with a self-aligning feature, which it was claimed 
eliminated the sensitiveness to misalignment. Another 
claim for the double row bearing is the increased num- 
ber of balls which may be introduced in such a bear- 
ing. In 1905 the first commercial application of an- 
nular ball bearings was made in America, although 
these bearings had been previously used in some of 
the foreign countries. ‘The application was on a 


Fig. 2—Assembly of Balls. 


marble polishing machine for the Empire City Iron 
Works in Long Island, and the application proved 
quite satisfactory. At about the same time the first 
application of ball bearings was made on electric 
motors. It is at least interesting to note that the two 
electrical manufacturing companies who were the 
pioneers in the use of ball bearings for motors are still 
using such bearings, and consider them entirely safis- 
factory. In 1905, ball bearings were being favorably 
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considered by the automobile industry, and during that 
year they were applied to the transmission of a 50 Hp 
Thomas Flyer. In 1906, an Apperson built for the 
Vanderbilt Cup Race had its transmission so equipped. 
In 1910, one of the machine tool companies exhibited 
at Atlantic City and elswhere a vertical spindle drill 
press mounted on ball bearings, which drove an inch 
and a half drill through 31 inches of cast iron per 
minute, and a three and a half inch drill through 1114 
inches of metal per minute. This of course meant a 
very heavy end thrust on the bearings. Also in 1910 


ball bearings were used to take the thrust on belted 


vertical milling machines. It is interesting to know 
that ball bearings have been used on power punch 
presses where there is undoubtedly a very heavy shock 
condition. The claim is made that on such a press 
the use of anti-friction bearings decreased the idle 
stroke power 54 per cent and the working stroke power 
20 per cent, and that the power saving for the com- 
plete cycle was 40 per cent. 1910 marked another in- 


Fig. 3—Ball Bearing Mounting. 


teresting application of anti-friction bearings to a 
cold saw which ran at 4100 rpm. The use of plain 
bearings had required renewal of the bearing about 
once in three weeks with the consequent shutting 
down of the machine. Twenty hp was required to 
drive the saw when equipped with oil type bearings, 
and water cooling was employed. After the change 
in the bearings a 744 hp motor was substituted for the 
20 hp, and there is no evidence that further bearing 
trouble occurred on the machine. Since that time 
anti-friction bearings have become extensively used 
in the automobile, aeroplanes, lathes, grinders, planers, 
drill presses, textile machinery, woodworking ma- 
chinery, pulp and paper machinery, grain milling ma- 
chinery, farm tractors, pumps, printing presses, port- 
able tools. ventilating fans, shaft hangers, electric 
motors and on many other machines. The early days 
of anti-friction bearing application saw many failures, 
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possibly due to lack of knowledge and the consequent 
misapplication. It is undoubtedly true that the anti- 
friction bearings being manufactured today are vastly 
superior to those manufactured 10 or 15 years ago. 


.In no other line of manufacture has there been a 
greater attempt at standardization and many of the 
bearings of different manufacturers are absolutely 
interchangeable. Careful consideration of the history 
of the anti-friction bearing industry would seem to 
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Fig. 4—Vertical Ball Bearing Mounting. 


indicate that this type of bearing certainly merits a 
careful study by any industry. Requests for infor- 
mation were therefore forwarded to the various ball 
bearing manufacturers, the railway electrical engineers, 
machine tool builders, the motor manufacturers and 
such of the steel mills as were known to have done 
some experimental work relative to the use of anti- 
friction bearings. Their experience 1s discussed more 
fully later in the paper. 


It is interesting to note that the catalog published 
by one of the anti-friction manufacturers lists a bear- 
ing 14-inch outside diameter and which weighs scarcely 
more than a few ounces, while the largest is over 19 
inches in outside diameter and weighs approximately 
300 pounds. Special large radial bearings have been 
made by this company, having an outside diameter of 
3214 inches and a bore of 1534 inches. This bearing 
is fitted with 34 balls 414 inches in diameter and has 
a total weight of 1,000 pounds. The bearing will carry 
a weight of 80 tons at 100 rpm. 


Today many types of anti-friction bearings arc 
being manufactured, to some of which reference has 
already been made. A classification with examples of 
each type will undoubtedly be of interest. No type or 
manufacturer has intentionally been omitted, but the 
information is not complete. 


Google 


1. Bact BEARINGS 

(a) Annular Type with Deep Grooves Ball As- 

sembled by Eccentric Displacement of the Races. 
The Hess Bright Ball Bearing Company. 
The Fafnir Ball Bearing Company. 

(b) Annular Type with Balls Assembled through 

Filling Slots Permitting of a Large Number of Balls. 
Ball bearings manufactured by the Standard Roller 
Bearing Company. 

(c) Annular Type with Balls Assembled by Ex- 
pansion of the Outer Race under Heat, permitting of 
a large number of balls. 

The Gurney Ball Bearing Company. 

(d) Annular Type with a Double Row of Balls 
Permitting of a Larger Number of Balls. 

The New Departure Ball Bearing Company. 

(e) Annular Type with a Double Row of Balls 
and Self-Aligning Features. 

S K F Ball Bearing Company. 
2. Rover BEARINGS 

(a) Self-contained with the Inner and Outer Races 
forming a cage for the Rolls. Rolls assembled through 
hlling grove. 

The’ Rollway Roller Bearing Company. 

(b) Semi-flexible Spiral Roll assembled between 
Ind Cages and with the Outer and Inner Race slipped 
over and within the Rolls, permitting of easy dis- 
assembly, but not capable of taking end thrust. 

The Hyatt Roller Bearing Company. 

(c) Tapered Rolls assembled between Find Cages 
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Fig. 5—Ball and Roller Bearing Mounting. 


and with Tapered Races, permitting of easy disas- 
sembly, taking end thrust, and making possible adjust- 
ment for wear. 
The Timken Roller Bearing Company. 
Practically all types of ball and roller bearings are 
assembled with end cages which maintain the proper 
relation in position of the ball and rolls. The proper 
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design of these end cages ts as necessiry as the proper 


design of the rest of the bearing. 


Manufacture. 

The manufacture of anti-friction bearing is a dughiv 
specialized industry requiring special machinery, 
special materials and special operation. AIL bearings 
must be subjected to exceedingly rigid mspecton aud 
test. Vhe three most important properties which e 
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Fig. 6—Ball Bearing Mounting, Mill Type Motor. 


finished anti-friction bearing should possess are (15 
High fatigue limit and strength, (2) Pligh resistanes 
to Shock. (3) lighest nasi le resistanee to wear. 
Kach bar of steel jocd in the manufacture of balls or 
rolls and races is tested. ‘Vhe steel must possess in 
the highest degree the qualities of hardness, toughness, 
durability after hardening and resistance to shock. 
The best erade of balls are made of chrome alloy pine 
and carefully heat treated. ‘Thev are hardened clea 
through w hich makes the steel tough and less liaise 
to Gack under excessive load. le balls must be as 
spherical as it is possible to make them. The best 
grade balls are ground to size within one ten thou- 
sandth of an inch. Vhis accuracy is necessary to 
secure uniformity in the size of the balls and the conse- 
quent even distribution of the load. The manufacture 
of a ball involves eleven main operations as follows: 
1. Inspection and testing of stecl stock, 
2. Forging or pressing in dies into rough spieres. 
3. Annealing to eliminate internal strain, 
4. Rough gvrinding. 
5. Second heat treatment. The balls are hardened and 
then drawn to toughen the steel. 
6. Second rough grinding to a fairly smooth surface and 
more accurate spherically but still considerably over- 
S1Ze,. 
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Precision grinding with vine grade wheels and heavy oil 

holding an abrasive in suspension, 

8. Final grinding in Hloffman machine, in which the balis 
are eround to within a small fraction of the finished 
size. 

9, Polishing balls ina tumbling barrel. 

10. Burnishing the balls by which the suriiee is polished to 

a mirror finish. 
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11. Final inspection and test for hardness, sphericity and 
STZC. 

Vhe balls are gaged with special machines cali 

brated with special care and by the use of an instrue 

ment with which it is possible to determine the size 


of the stecl ball to an accuracy of within .QO005. The 


same care is exercised in the manufacture of the races. 
One of the bearing manutacturers advises that it 1s 
necessary to manufacture their own steel because 01 
the exacting specifications. The steel tubes of which 
the races are manufactured are formed by forcing 
through the entire length of a steel bar a pointed steci 
tool, which results ina tube free of welds, laps or seams 
and which has a uniform strength and texture on its 
entire cireumifcrence. ‘The tubes are finally cold drawi 
tua size within a very close limit. This brief summary 
of manufacture has been given in the beliet that a 
eeneral understanding of the care exercised im the 
mManulacture of anti-friction bearings will result moa 
more intelligent consideration of their use. 


Selection of Anti-Friction Bearings. ‘ 
Experience has demonstrated that many failures 
have resulted from the improper selection of the size 
of bearing to be used, tor a particular application. [it 
anti-friction bearings are applied to motors, close co- 
operation is essential between the motor manuiacturer 
and the ball bearing manutacturer. About four vears 


avo the writer of this paper discussed with an electrical 
engineer of a well-known castern railroad the suceess 
which they had experienced with ball bearings on 
ear Hehting generators. “Phe advice of this engincer 


Fig. 7—Ball Bearing Mounting, Mill Type Motor. 


was to select a bearing two sizes larger than indicated 
by a consideration of “the load which the bearing was 
expected to carry. and the Joad which the bearing was 
cuaranteed to carry. Ele attributed the entire absence 
of trouble on car lighting outhts to the following of 
this plan. In justice to the manufacturer of the ant 
friction bearing, it should be stated that since that tine 
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a very exhaustive study has been made of the require- 
ments of anti-friction bearings applied to motors so 
that they are in a far better position today than they 
were at that time to specify the safe working load for 
the bearing. From many sources information has been 
received that if the bearing is sclected large enough 
and properly applied, no failure will ever result. This 
undoubtedly is an extreme view but is interesting as 
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Fig. 8—Ball Bearing Mounting, Labyrinth Grooves. 


evidence of the confidence which some users of anti- 
friction bearings have in this type. 


Mounting of Anti-Friction Bearings. 


In succesfully designing a mounting of an anti- 
friction bearing motor, the following points must be 
kept in mind: 


a. Ease of assembly. It should be possible to draw the 
bearing off the shaft without transmitting pressure 
from the outer race to the inner race through the ball. 
It should be possible to remove the armature without 
the removal of the bearing from the shaft. 


b. The bearing should be protected against the entrance of 
dirt or grit. If such foreign substances are present 
within the bearing, the life of the bearing will be very 
short. 

c. The lubricant must be retained within the bearing housing. 

d. The bearing must be the proper fit on the shaft and 
within the housing. 

e. The inner race of bearing must be locked in place against 
a suitable shoulder by a suitable locking nut. 

Illustration 3 represents a typical mounting on a 
general service direct current motor. Attention is 
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drawn to the mounting at the commutator end where 
the bearing is entirely enclosed in a cartridge which 
is removed from the motor with the a:imature. It is 


believed that such enclosure is the most satisfactory 


form of mounting but is somewhat more expensive. 
It is evident that the armature may be entirely. re- 
moved from the motor without disturbing the fit of 
the ball bearing on the shaft. A suitable mounting ts 
always difhcult at the commutator end of a direct 
current motor of the general service type since the 
outer dimensions of the bearing housing are limited 
by the position of the rocker. 


Figure 4 is a typical mounting of a vertical genera! 
service motor in which the weight of an armature is 
carried by a thrust ball bearing at the top. 

igure 5 is a composite mounting showing the 
application of a ball or roller bearing to the same gen- 
eral service motor. : 
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Fig. 10—Roller Bearing Mounting. 


igure 6 1s an application of a ball bearing to a 
mill type motor. The bearing is completely enclosed 
in a cartridge which is removed from the motor with 
the armature, effectively excluding foreign substances. 
This application was laid out in connection” with 
changing over oil type motors to anti-friction type. 
The ball bearing is mounted on a sleeve which is 
driven by a Woodruff key. The sleeve has the ad- 
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vantage of a long bearing on the shaft and may be re- 
quired in very heavy service. In general it 1s not felt 
that it is necessary. Certainly not on general service 
motors. 


Figure 7 represents the mounting of a ball bearing 
in a steel mill motor with the bearing carried directly 
on the shaft and without the cartridge enclosing the 
bearing. Unusually complete protection is provided 
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Fig. 11—Test Comparison, Ball and Oil Bearing Motor. 


against the escape of grease by what may be described 
as the “labyrinth” type of groove. Nearly all types 
of anti-friction bearings will take a very considerable 
end thrust; from 30 to 40 per cent of the radial capacity 
of the bearing up to 100 per cent or over. It is, there- 
fore, not necessary to provide any other device to take 
the end thrust ordinarily found in motors 
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Fig. 12—Test Comparison, Ball, Roller and Oil Bearing Motor. 


Figure 8 shows an application to a general service 
motor with the “labyrinth” type of grease groove, but 
this mounting does not permit of the removal of the 
armature without the removal of the bearings from the 
shaft, and therefore is not to be recommended, cer- 
tainly not in a steel plant. 


Figure 9 shows the application of a tapered roller 
bearing with the bearing completely enclosed in a 
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cartridge. 
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Disassembly is accomplished by removing 
the outer cap screws and rotating the cartridge so that 
the extended bosses will clear the extended bosses on 
the bracket. Wear on such a bearing may be com- 
pensated for by removing shims between the outer 
and inner enclosing caps. 


Iigure 10 represents the installation of a tapered 
roller bearing in a split frame motor. The armature 
may then be removed by lifting the top half of the 
frame. ‘The shims for adjustment after wear are again 
evident. | 


Consideration should be given to allowing a fair 
sized space tor lubricant and to the introduction of 
such lubricant through a tapped hole closed with a 
pipe plug, a grease cup or some other suitable means. 
All ball bearing manufacturers seem to be in accord 
that the inner race should be mounted on the shaft 
with a light drive fit, from .006 to*.002 force, depend- 
ing upon the size of the shaft. The entire paper might 
be devoted to a discussion of the proper fit and toler- 
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Fig. 13—Test Comparison, Time of Drift. 


ances on ball bearings and shafts. The outer race 
should be a sucking ft in its housing permitting a 
slight creepage of the outer race if such a tendency 
is present. The end play should be taken on one 
bearing and the one carrying the heavier load is pre- 
ferable. J*ither grease or oil may be used for lubrica- 
tion; for speeds up to 2,000 rpm on 5 to 20 hp motors, 
grease is recommended because of the advantage in 
eliminating any possibility of oil getting into the 
motor. At very high peripheral speed, oil is found to 
be preferable. 


Care of Ball Bearings. 


From the data available, it is evident that great 
care must be exercised to protect the ball bearing 


‘before installation in the motor and during the 


process of assembly against the entrance of any grit 
or foreign substance, as the presence of such substance 
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will most certainly result in wear and the eventual 
failure of the bearing. Er the armature is removed troin 
the frame with the bearing not cuclosed mpa cartridges, 
the bearing should be caretully wrapped while tie 
armature is out ot the motor, “Vo offset this, it as 
claimed that very little: attention need be given to the 
lubrication of the bearing while the motor is my oper 
tion. Phere are cases on record where anti-trietiou 
bearings have operated over a period ot throes ta rar 
years without beme ereased. Phis is or course net 
recommended. Speed and heat edaditions are the 
vovering factors. Wherever posstbte grease should 
be apphed at itervals of about six months. Probaoly 
the best practice would be tor the operator to marke 
monthly inspections at the tune of the istallatron i 
order to judge how fone the Titorieaut wall remains 
serviceable under the conditions existing am that pear: 
ticular plant, and then establish a period for applying 
vrease. Inone case should the houstig be packed fut 
of grease as it will cause severe hheaimgye tm operation. 
It is the practice of the ball bearing mianutacturer to 
slush their bearings with a coating to avoid rust. Te- 
fore mstallation, the bearings should bbe cleaned 1 
easoline to remove this slush, as dio is net a good 
lubricant and wall cause heating under certam cot 
ditions, 


Arguments For and Against the Use of 

Anti-Friction Bearings. 

The history, manulacture and applieation or meourni- 
me of anti-trietion bearings may be ol mterest to the 
cleetrical engineer, but the real question which he 
wishes to consider is what are the advantages of suce 
atype of bearing. and what are the disadvantages. 


Advantages. 

The advantages are presented in stimimary form 
compiled from. othe information recerved from the 
bearing manutacturers and the users of this type ot 
bearmy, 

I. Nbsence of ath By various steel null electrical cneineers 
it has been estunated that tae presence of oil is te- 
sponsible for trom 60 to Gd per cent oof them me tor 
troubles, causing angury to the salute. sortie ef 
commutator bars, wuinsine of commaitater, collecting 
dust and a general unsightly conditvon. Phe fobrieant 
is more castiy retamned a a balloor roller bearme than 
ina sleeve bearing. 


2. Reduction in maintenance cost. Mueh less frequent at- 
tention need be etven to the Tnbricattom of ai ball or 
roller bearing, Poe weet of the evidence recened 
from the users of anti-rriction bearing meteors is) te 


the effeet that fathure of bearimys as very much Jess 
frequent than on oil-ring beartie motors, 


3. Reduced wear of the bearing. resultine ino omuch less 
frequent renewal of the bearimes due to the lowermy 
of the rotor, and the consequent decreased air cap at 
the bottom.  Phis consideration is oof partroubar ime 
portanee on induction meters with their necessarily 
smnall air gaps. 

4. [nereased cffiereney. No record was presented of a test 


onoa S-hp, 1S800Q-rpar idietion motor, three motors 
were used, one equipped wath rime oder beartnes, an- 
other with waste packed bearmes and the third wath 
ball bearmnes. “Pee test srowed tae roliowing eboney: 


Rink athue bearing... ..... Sb 
AAS pat RCE oe tet ears me 
oth, ARCA > weak oe Amie 24 wee BAL 


5. NX considerably decreased torque is necessary at startin, 
In the case of anol rine benrme, stub srent tarene 
mist be applied to hres the eorkeet at Hie <hait ay 
the bearing metal before the ot iidii de established, 

O.  Natietrietion bearings aeake pessthie a considerable ore. 

dactrom an the overall leneth and oi the were at of tie 

end housing. Babbitted bearines are quite usually de- 
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siened wath the bedring leneth two and one-halt or 
three threes tae diameter of the shart, whereas the length 
ot the ball bearings as usually not over one-third of 
the ostratt diameter, ON ball bearme is usually nos 
over one third of the shatt diameter. A ball bearing 
mapirbactirrer tras advised thatoa tabulation of standard 
Motor stves proses that tre overall tenth can be re- 
dacced om an average of 13 to 206 per cent by the use ot 
Dall bearings. 

f. AVHe Ae tien recemed from the ranrouds, the VoOVeTT- 
rremt and the steehanilis wate have expermmented with 
anmtpdcretion bearmes, mdicate that these beartres, hase 
Heo steocesstill, and this experience should certamly be 
Classe as a sStrome areument fer tae use af such 


bearhigs, 


Disadvantages. 

Po Cost. Phe irst cost of tie motor will be greater and two 
Hines of motors will have to be manutactured as loie 
as the users of wioters are net unanimous im. ther 
opined. bt the meer chanees to the anti-triction type 
et bearmes. it will be necessary for dim to carry twa 
lines or seares until aioor the on ring bearme metors 
have worn outoor been replaced, 


tv 
—— 
~~ 


Phenlivo at tnckine replacements. Tt does not seem. thitt 
Howalhever be posstbl te replace a ball bearme as casuty 
as aloo rine bear. Po secure preoer operation, it 
Is Hevessary that tie inner race be treat oon the siart. 
Woteh prevents its easy removal For steel null opera- 
Litt, ab may We mecessary: tocearry Coma lete aramtures 
with beartees assembled. This would certamly not be 
dustitied aniess the reduction im the mumber of bearine 
trotoles more than conibensated for this extra expense. 

O Phe care whteh ts necessary im successfully mountie anti 

Prietion bearaes and oassemoiing the armature in the 

Pre od rine type or bearing does not require 

Miloassemioly neediul wata an anti-friction bear- 


4. dts essential to very carefully protect antitrietion bear- 
Ines in handinae and oistalation. ‘This is readty 
recoutized as a disaudvantawe mm tae steel plants. 

Toe workniu to toe steel null is unfamiliar with the 
momting of anti-friction bearitiss, amd tue assemble ot 
seh ometers.  Phis anust be charecd up as ao disued- 
Vantase anti such tune as tie average worker beeomcs 
soerenthy tanibar with tars type or motor ta be able 
to disassemble rt without amy ditieulty or detailed im- 
struetron, : 


on 


6 Ino cases of armature erounding, current may pass throten 
tie balls or rotlers aud) ove races. causing pittine: 
iy extreme cases actualiv fusing tae race to the baiis 
or rolls. | 

Loder cuergeney conditions where a spare bearine ts met 
avilable. the cab rime tyee of hearing may be babbited 
or cast by any reasonably cood workman. This is not 
possible with the antitristion type. 


“I 


8. Phe sironvest argument aginst the use of the anti-friciion 
bearines., or any other device is tue facet toat it has 
Net been thorotwealy proven under aetual operating cons 
G@vons. Whether or not the antiefriction bearing will 
stand up oas well as oi rine bearme under sioek and 
Wnustal doad comdiions bas not vet been conelasively 
demonstrated, Unt the ease for the  anti-friction 
bears has been timmy established, they must be 
recosiized as betes on trial. 
Hlustrations Pt, 12 and 13 represent the results 
of tests conducted under the direction of the writer. 
fnothe ‘rst case, dlustrated be Tae. Tl. two motors 
normaly rated at 7's hp, S50 rpm. with Ofy-ineh 
diameter armature, were at ditherent times belt driven 
by the same motor, One of the machines under test 
was cquimped with on ring bearmes and the other 
with ball bearmes. fn all other wavs the two test 
nitchiies were identical Phe watt input represents 
not only the tretion and windave losses of the ma- 
chine under test. but also the losses of the driving 
1Wiertoye, llowever, siaee the driving Motor was the 
same db each oorese, the difference between the losses 
Will represent the saving or the bail bearme over the 
oil ring bearme. 
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Tine second ease, vloatiated aie lous, 12. represents 
a somewhat stukir test condueted on three motors 
normally rated, SO hp at Sad@ rom. Motors were iden: 
teal exeepting the bearings: oe was equipped wii 
oil ring beartugs, a second with Ebsatt roller beaurtnos 
and the third with bless Brisht ball beartnes. Pn ths 
test the losses of the driving ameter were dodueted 
iam. the. Watt apts ail: tie ae ei Tie 
the losses shown qelude the belt loss. Tt ts mitercest- 
ng te note that at slow speeds. the reduction a toss 
with the use or ball beartnes ts not nenrhy so aup arent 
asoat hreh speeds. Tt ts further interesting ta note 
that the Joss woth roller bearings fatls between the 
loss with oil bearings and with boll bearings, end more 
Closely follows the dine ot tho oo bearing Joss at the 
high speed. 

The third case. dlustratedd Da Pig. PB. represents 
the test on the same three moters with the umber 
of seconds that the armmiture would rotate after shut- 
une off the power, plotted aoeaimest the speed. Uhe 
results in this test quite closely checked in quantitative 
value the tests represented dm Pustration T2. 0 Suf- 
herent tests hive net heen vide te present eonclasive 
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evidence, and a great many more should be conducted. 
but as taras the ivestigetion has proceeded it would 
appear certaim that motors equipped wath anti-frietion 
bearings result ma saving of power, 

While the ravvoads have lind a very suceesstul ¢ox- 
perence wath car hehtinmy venerators, se equipped, 
their experience with head Peht generators has not 
been the same. dno the early history of anti-frietion 
bearings applied to motors appewr many cases of com- 
plete taltires sec, White “thts: ate tie eee hte 
musippleation af to dapreper mounting, these ex- 
amples must be lived down, betore the anti-frietion 
bearygig recemes aoclean dalleot-health. Tt is) some- 
What doubthil whether this type af bearme is satis- 
hictory with heavy armatures having considerable dis- 
tance between the bearmye centers and operating at high 
speed. “Phere have been quite a lirge number of tail- 
ures under such conditions, resultine im Excessive vi- 
heation and i the peenme under the mner race. This 
trouble has been particeuiarly evident on two bearing 
ere weldsae meter vencrator sets.  A\dditional de- 
tanled evidence was presented im this paper under the 
headloof “Pexpertenees of tsers and Manufacturers.” 


Waste Heat Utilization for Steam 
Generation 


By G. R. McDERMOTT. 


HI. purpose im presenting this paper is to bring 

to the attention ot the members of the Assocta- 

tion what has been accomplyshed in the utiizition 
of waste gases for the purpose of steam veneration and 
to pomt out sources af waste heat which maw ie 
available. 

The term waste heat ts meiusive ot the total heat 
left im gases of combustion when they have served 
their primary purpose of roasting, reducing, oxidizing 
or heating imo oaindustrial or metalliurereal furnaces or 
kilns. Furnaces emploving revencration or recupera- 
tion conmmonly have lett im the gases of combustion, 
leaving the furnace from 3A to 3a per cent of the total 
heat availible in the fuel fired. Non-regenerative fur- 
haces may have as high as 80 per cent of heat in the 
fucl escaping im waste gases of combustion.  NKalns, 
oil stills, glass tanks, water gas sects, ete, all present, 
an account of the amounts and temperatures of esenp- 
ng gases of combustion, amounts of waste heat that. 
are not only recoverable, but that give returns which 
will net front 25 to 73 per cent im one vear on. the 
Installation cost of the quipment. 

The past three vears have scen iarked ineress +s 
m the price of coal and we should utilize the waste 
heat avatlable, notonky as anindnidual plaat economy, 
but as a conservation of the national resomrees, 

The very first studies that were made and the first 
suceesstul application af waste heat boilers for fur- 
naces with regenerators was effected at the [lines 
Steel Company, South Chicago. The frst tistatlarien 

Abstract of paper read at: \ssostation of Tron and Steel 
helectmeal doneimeers Convention, Chicano, September, Po27, 
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was operated in 191Q and upon the very mnportant dis- 
coveries then made have been based the rapid develop- 
ments and appleations of the modern waste heat 
boilers, 

Before taking up the different sources of waste 
heat at. no doubt, will be of mtcrest to consider the 
heat and absorption phenomena obtamed im a direct- 
hired beiler and that of a modern waste-heat borer. 


Many experiments have shown that the heat ab- 
sorbed by radmition is proportional to the fourth power 
af the absolute temperature difference between the 
radiating surfaces. Considering a stoker fired boiler 
with combustion temperature at 2700 degrees Po. and 
a owaste-heat boiler at P1600 degrees Fe. iitial teim- 
perature, the absorption by radiation would be as 


Tt (coal) J7IMVW. 25 AS 


TT! (waste heat) - 1300! l 


The absorption by radiation im the case of the direet- 
fired Doiler will be ten times as great as in the case of 
the waste-heat boiler, 

Usually about 6035 per cent of the total evaporation 
Isc bv radiation and 3a per cent by convection, as, for 
example, moa G00 Tip heather, 7,025,000 Btu. are ab- 
sorbed by conveetion and 13,050,000 Diu. bw radiation, 
In the waste-heat bottler only 1300000 Btu. can be 
absorbed by radiation, leaving T&.700.000 Btu. to be 
absorbed Dy convection. “Pherefore, the rate of heat 
transfer by convection must be, for waste heat boilers, 
275 times vreater per square toot of heating surface. 
This ditference is further ageravated by the fact that 
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in the modern waste-heat boiler the amount of heating 
surface exposed to the radiant that of the furnace is 
very much less in proportion to the total heating sur- 
face as in the case of the direct-fired boiler. 


Obviously for a given gas weight, starting in with 
an initial temperature of 2700 degrees F. and 1390 
degrees F., respectively, passing through or past an 
identical heating surface of a boiler, and having iden- 
tical exit temperatures, the net amount of heat ab- 
sorbed by convection by the heating surface must he 
much greater for the waste heat boiler with initial 
temperature of 1300 degrees F. For each square foot 
of heating surface of the boiler, therefore. the. heat 
transferred by convection must jump to a figure hither- 
to considered impracticable. This point of view is 
not always appreciated. It is not infrequently felt 
that since a low temperature waste heat boiler gives 
but 70 to 80 per cent of builders’ rating that the heat 
transfer rate is low. Actually it is very high. 


An increase in heat transfer rate is accomplished 
by an increase in velocity. Consideration of the 
formulae governing this phenomena will develop the 
reasons. 


The rate of heat transfer for either fire-tube or 
water-tube boilers may be expressed in the form 


H a-+tb\W  e 
R = —— = — 
T—t A 
where . 
R = heat transfer rate in Btu. per hour per 
square foot of heating surface per degree 
I. difference in temperature. 
He = Btu. transferred per hour per square foot. 
a and b = Constants. 
W = Mass velocity expressed as pounds of gas 
ZA per hour per square foot of area of gas 


passage. 


“ 1” 


In general the constant 


l. is greater for water tubes than for fire tubes of 
same size. 


2. is greater as diameter of tube decreases. 


3. is greater as space between water tubes de- 
creases. 
similarly, constant ‘b,” which is the inclination of 


the line representing “R” when plotted against mass 
velocity. 


9 


at ae 
bah 
1. Is greater for water tubes than for fire tubes. 
2. Is greater as diameter of tube decreascs. 
3. Is greater as temperature difference between steam and 
water increases. 


6c, 9? 


For the constants “a” and “b,” values may be as- 
signed that are sufficiently accurate for all ordinary 
engineering applications and are derived from reliable 
tests and investigations conducted by boiler companies 
and independent observers. 


The following formulae are given as they illus- 
trate the relative. heat absorbing characteristics of the 
two types of boilers, the data being taken mainly from 
tests made by the Babcock & Wilcox Company on 
both fire-tube and water-tube boilers; by Messrs. 
Kreisinger and Ray, on small fire-tubes, and confirmed 
by tests on two-pass waste heat boilers later described 
in this paper. 
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Outside Diameter 


of Tubes—lInciies lire Tubes Water Tubes 


1 R = 3.5 plus .OO13 ~ 
2 = 2.0 plus .0008 
3 = 1.5 plus .00065 
4+. = 1.1 plus .0005 ad R =2.0 plus .0014 ~ 


These values apply to 400 degrees F. mean tem- 
perature difference corresponding approximately to 
waste-heat boiler conditions. 


As stated before, the absorption of heat from waste 
gases covered in this paper must be done largely by 
convection; that is, the molecules of the flowing gases 
come in contact with the heating surface of the boiler 
and impart their heat to it. ‘The rate at which the 
heat is imparted to a unit surface depends, therefore, 
on the number of gas molecules coming in contact with 
it. By referring to the above equations of “R” for 
different tube diameters, it will be noted that “R” in- 
creases with a reduction in the value of “A,” or, in 
other words, with an increase in the mass velocity. 
This is explained by the fact that the faster the gas 
moves, the greater the number of molecules or par- 
ticles of gas that pass each unit of heating surface in 
a unit of time, and, consequently, the greater the num- 
ber of hot molecules that will hit or penetrate into 
the adhering gas film and replace cold molecules of 
gas. Thus, the dislodging effect of these moving 
molecules on the molecuics of the adhering film is pro- 
portional to the velocity of the mass of the gas moving 
over the heating surface. This absorption phenomena 
manifests itself to a greater degree when the gases are 
at or above their “critcal velocity.” The term “critical 
velocity” is that velocity at which the stream lines of 
flow cease rather suddenly to ‘be parallel, and at which 
violent eddying begins. This may be illustrated by 
a thread of colored liquid introduced into the center 
of a stream of water flowing through a tube. Below 
a certain velocity the thread of color will remain in 
the center and quite sharply defined for the entire 
length of the glass tube; however, with an increase in 
the velocity the color will disappear or become dii- 
fused, indicating that the “critical velocity” has been 
reached. The violent eddyving, due to the gas being 
at or greater than its critical velocity, will cause a 
greater number of the gas molecules to hit the tube 
wall and thereby release their heat. Obviously, the 
smaller the diameter of fire tube, the closer the gas 
molecules are to the surface, the sooner they will 
reach it and the greater the number of contacts each 
will make in a unit of time. This accounts for the 
increase in the value of “R” with reduction of flue 
diameter as given above. 


Although the rate of heat transfer at a given mass 
velocity and the diameter is greater for a water-tube 
boiler, yet the friction loss of the fire-tube boiler is 
much less. For example, the average of tests on nine 
(9) waste-heat boiler installations, using cross baffled 
water-tube boilers having four-inch tubes shows: 


(W) 
Mass Velocity ——-— Rate of Heat 
(A) Tranmission (R) Draft Loss 
2,400 5.42 2.07 in. 


If a fire-tube boiler, as described later, using three- 
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inch tubes, were used, the conditions would be: 
7,630 6.45 2.07 in. 


To illustrate this point still further, figures are 
here presented showing that a fire-tube boiler may be 
designed that will have less than one-half the heating 
surface of a horizontal cross-baffled water-tube boiler, 
and still give the same performance under the same 
operating conditions. As a basis for comparison, an 
average size of standard type of water-tube boiler and 
operating conditions are taken from actual practice. 


Published results of tests on seven (7) waste-heat 
hoilers, all of similar horizontal water-tube type with 
four-inch tubes and cross baffling, show the follow- 
ing averages: 


Rate of heat transfer, Btu.............. §.32 
Draft loss—ins. water.................. 1.45 
Heating surface—sq. ft................ 35.030 
Weight of gas—Ibs. per lir...... 0.00... 68.330 
Initial temperature—deg. F............ 1,330 
Stack temperature—dep. Foo... Bese 470) 
BOUVET WH pe ion der spatil us e Wenity Eotn are ache c 400 


These figures indicate in a general way what mav 
be expected from specially adapted types of water- 
tube boilers as ordinarily installed and operated. The 
mass velocity corresponding to the above aver age heat 
transfer rate, as computed by formula 


Tes Bilis: 00Ts 


Daa 
is 2,370 pounds per hour per square foot of passage 
area. 


lor the sake of comparison, let us consider some 
fire-tube boilers so proportioned that the same amount 
of gas will cause the same loss of draft, viz.: 1.45 
inches. ‘Tube sizes are assumed as 1, 2 and 3-inch 
diameter, as this selection illustrates the super ad- 
vantages of -using small tubes. Three cases are 
worked out as follows: 


Double 
Horizontal Pass Single Pass 
Type of Boiler Water Tube Fire Tube —Fire Tube-— 

Size of tubes, outside dia. 4 in. 3 in. 2 in. 1 in. 
Number of tubes......... ee 22 525 1.8 - 
Length of tubes—ft.. se 28 14 
Heating surface—sq. “ft. 5,030 5.700 3,400 l, 9056 
Weight of waste gas—Ibs. 

Per TG et occa ce gia teen 68,000 68 O00 68.000 68,000 
Mass velocity—tbs. per 

Sq. tte amedsmies sae 2.370 5,900 8.000 8.500 
Rate of heat transfer—Btu. 5.32 5.34 8.4 14.6 
Draft loss—ins. water.... 1.45 1.45 1.45 1.45 
Initial tempt.—deg. F.... 1,330 1.330 1,330 1,330 
Stack tempt.—deg. F..... 470) 470 470) 471 
Boiler hp. .3.c08.3 i weneas 400 400 400 490 


Inasmuch as the rate of heat transfer at high mass 
velocity varies almost in proportion to the mass ve- 
locity, 1t is obvious that the number of tubes may be 
decreased without materially affecting the evapora- 
tion. This greatly reduces the first cost and the only 
disadvantage—if, indeed, it be a serious one at all— 
is the increase in friction loss. For example, the evap- 
oration obtained in the boiler with 1,880 one-inch 
tubes, five feet long, may be equally well obtained 
with only one-half the number of tubes by merely in- 
creasing the length to 5.25 feet, as 


Size of tubes............. Tinch ©. 1, 

Length of tubes.......... 5.25 feet 

Number of tubes........ 915 

Heating surface ......... 1.130 sq. ft. 

Weight of gases......... 17,000 Ibs. per sq. ft. 
Mass velocity ........... 68,000 Ibs. per hr. 
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Rate of heat transfer..... 25.5 Btu. 
Dirait 1OSsimisva atte caeeias 6.15 inches 
Initial gas temperature... 1,330 deg. F. 
Stack temperature ....... 470 deg. F. 
ROUGE Nps ake puede hastens 400 


The greater friction loss may be compensated for 
by increasing the length of tubes so as to obtain suf- 
ficient additional evaporation to carry the greater load 
on the fan. 


The point is often raised that tubular boilers are 
not so efficient as water-tube boilers. This is per- 
fectly natural when only the usual types of tubular 
boilers and methods of using them are considered. 
As a matter of fact, the heating surface of tubular 
boilers can be made as effective or even more so than 
that of water-tube boilers. The trouble with the usual 
fire-tube boilers, especially when used for waste heat 
applications, is that the area for the passage of gases 
is too large and there is not suthcient length of travel 
for the gases. These objections are, of course, over- 
come by making a long boiler of smaller diameter, or, 
what amounts to the same thing, dividing the boiler 
into two or more passes. The matter of tube size is 
also a large factor and if the question of cleaning were 
not of such real importance, the tubes could to great 
advantage be as small as locomotive tubes, or even 
smaller. 


Appreciating the above-mentioned advantages of 
the fire-tube boiler induced Mr. C. J. Bacon, formerly 
steam engineer at the South Chicago works of the 
Illinois Steel Company, to design a fire-tube type of 
boiler embodying the modern ideas of a waste-heat 


boiler. 


The Bacon waste-heat boiler is designed to utilize 
at the maximum net economy the heat in waste gases 
from metallurgical and other industrial heating fur- 
naces. It possesses special features that have been 
found to make it particularly well adaptable to the 
conditions peculiar to the majority of applications. 
The initial installations were in conjunction with open- 
hearth furnaces in steel works where the operating 
conditions and other limitations interfered with ob- 
taining satisfactory results from standard types of 
boilers. 


Obviously, in order that the first cost may ‘tbe low 
and that the boiler may have the desired ev aporative 
capacity, it is essential that the design contain such 
features as to permit condensing the heating surface 
into the smallest possible space. This in turn requires 
that the rate of heat transmission through the heating 
surface be proportionately high. Data resulting from 
various authoritative tests makes it possible to pre- 
dict with accuracy what the heat transmission and, 
consequently, the evaporation will be. As usually 
built. the Bacon boiler consists of two vertical cylin- 
drical shells, between the heads of which are rolled 
and electrically welded a large number of small tubes 
ina similar manner to vertical fire-tube botlers. The 
diameter of tubes is kept as small as permits cleaning 
and the length is determined) mainly bv the space 
available and the friction loss. The object is to in- 
sure that the gases have a long travel at high velocity. 
In some cases it is found desirable that the average 
velocity exceed 100 feet per second for the purpose of 
preventing dust from lodging and to give a high rate 
of heat transmission. The waste gases enter the gas 
box at the bottom of the first pass, whence they pass 
upward through the tubes and into the transfer flue 
which directs the flow downward through the second 
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pass, and in the case of an installation recently finished 
a third pass, which will act as an economizer, 


In some forms of construction of the Bacon botler, 
a single shell is set horizontally and the two passes are 
obtained by suttable baffling im the steel gas boxes at 
the ends of the shell. For application to small fur- 
naces, this is a better arrangement than the double 
vertical shell design. 

Boiler scale trouble is inmimized on account of 
reed water bere admitted at the bottom of the secon 
or “cold” pass. Elere it becomes gradually heated and 
rises to the tap of the pass. “The water then passes 
from the sceond pass through an exterior water cir- 
culating connection to the bottom of the frst or “hot! 
pass. As but one-third of the heat is utilized in the 
second pass, where gas temperatures at the bottom are 
not over 560 degrees I, the sludge deposited is not 
hard and may readily be blown off through the several 
blow-off connections. “The principle ot torced water 
circulation on a counter-current principle gives a high 
rate of heat transter.  Laberal hand-hole aceess is pro- 
vided and blow-off valves are arranged to drain the 
bottom tube shects. 

As aorule, natural draft is not sufficrent because 
the eases leaving the bollers have been cooled toa dag 
degrees or 500 degrees Fein the attempt to recover 
as muchoof the heat as possible. On this account and 
because the imtensity of dratt required for operatme 
the industrial furnaces and tor drawing the vases 
through the boiler, it becomes necessary to use im- 
duced draft fans. When properly anstalled and driven, 
the fans prove a very advantageous @eecssory from 
the standpoint of better control of the operation of 
the heating furnaces, and, with correetly sclected tur- 
bine drive, the exhaist steam sutiices to heat the bottler 
feed water. 

While fans are a necessity regardless of the type 
of boiler used, the amount of power they require ts 
much less with the fire-tube boiler than with water- 
tube boilers in brick settings. [tas not at all unusual 
that the amount of air leakage through brick settines 
and other loose jomts is sufficient to merease the fan 
load SO per cent over what it would be without leak- 
age. Moreover, the leakage reduced the evaporation 
to a serious extent, due to cooling the gases. Thus it 
is seen that a type of boiler having no brick settings 
is the logical solution of the air leakage problem, 
Casing the boilers in sheet stecl reduces the trouble, 
but does not stop i since much leakage is past briek- 
to-mental joints. Moreover, it imereases the cost ot 
installation. Vhe great difference in draft that exists 
ina battled water-tube boiler on the two sides of the 
hafttles causes short circuiting of gases, through leaky 
baffles, consequently Jack of contact with tube surtace 
and ligh stack temperatures. With fire-tube bottlers 
trouble of air leakage from exterior or short circuiting 
of gases through baftiles cannot occur. There is ne 
brick work except linings of flues and gas boxes and 
these are of steel plate construction. 


Iexplostons in the waste gas Hues and in waste- 
heat boilers are characteristic of open-hearth furnaces 
using pre-heated vas. Leakage. especially, promotes 
explosions in the boiler setting at times of reversal. 
These explosions strain the settings, logsen the brick- 
work and imerease the air leaks of water-tube settines, 
Asan actual matter of fact. these leaks develope inte 
serious conditions, particularly if repairs are not made 
promptly in every-day operation. Consequently, evap- 
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oration falls off continuously and it is a matter of 
record at many plants that air infiltration is such a 
serious factor that maintenance of economic steaming 
and furnace performance is a practical impossibility, 
explosions cannot injure the fire-tube boiler. 

\Where the waste gases contain dust ina fine and 
adherent condition, it packs closely onto the tubes of 
the water-tube boilers. This is inditterently removed 
bv mechanical soot blowers. Due to the high velocity 
of the gases causing a sweeping action, the dust does 
not readily collect on the surface of the vertical flues. 

Another factor im favor of the itre-tube type ot 
waste-heat boiler is for equal evaporation it requires 
but two-thirds to three-quarters the cubic space re- 
quired by the water-tube type of boiler. 


Scurce of Waste Gases. 

In order to investigate the value and thereby the 
saving which may be made by utilizing the waste gases 
for the generation of steam it is, of course, necessary 
to determine the quantity and temperature of waste 
eas available. 

N\ospecitic exhibit of the method in arriving at 
these quantities will, no doubt, aid those contemplating 
ano investigation of waste heat recovery. The author 
has scleeted the open-hearth turnace as perhaps being 
the most ditheult in determining the weight of gas 
avatlable, 

Source of Gases from an Open-Hearth Furnace 
Typical Heat Data 


Saye tet: TAY: eaecke be 4 ans ave ued ioe ue Bat 72 tons (mcots! 
Tons hot pre tron charsed..........-. 42.75 
Yons cold pie iron charged. Mts oe ake Sa. 37 
‘Pos Trew. scrip. Charceds i434 <6 22% as ees 6.10 
‘Votre steel strip ¢limdedesin« 22008 does jo) 
Pounds ore chareed.................. 14.200 
Pounds tamestone charved.....0...... 15,100 
Pounds dolomite charged..........0.. 5,263 
Poids dliterspar charac eo: 46. ws 72 
Pounds sihean (lO percent) charee t.. 22 
Tons coal charged at producers. ...... 23.70) 


Quip, 25 min. 
13.00 per cent 
100 deo, BF, 


Lase 30t FVCAtows script he accede aise: Aisey AR ti 
< OS TAT PO SISOS oe ea bay 
Temrt of waste oases from ciaeckers. 


jleat value of coal Cliitemb. ol... 6. 10,000) Btu. 
OCR OY Pe Ig 4 8 Ph eye eas Oe 55.0) 
Peer tie: WOT. Sole ao Be Ga es SON 
POCO: il ae once aiantme uke gas looting pa 


The gas producing clements of the charge are the 
pig dren with 4.35 per cent carbon, O85 per cent silicon 
and 1.75 per cent manganese: the limestone with 42 
per cent carbon dioxide, and the coal with the follow - 
ing analysts: 

Analysis (Natural) 


Crane BOTCON Ts cir tenga ceetee- ON. 1M 
Llvdroven, PORTS OTN ee worst ee ale os ee, 4.35 
Nitrowen, per centow.. cc... eee. 1.18 
CUR chs PUP CON se peie sen naga IOUT 
Pelee eer ET, secice dhe lent ge ALE 4 1.42 
Nahe At elec sa awh abet heen 8.48 
NRE SOE HOC. wag Se ok eens 13.54 


The steel scrap charged is considered a neutral 
component, beg essentiaily of the carbon and metai- 
oid content of the stecl produced. Vhe dolomite and 
Huorspar contribute neghgible amounts of carbon di- 
oxide to the gases. The ore eharged, averaging 8&9 
per cent ferrie oxide, is significant im that the oxveen 
available therem for combining with the carbon of the 
pig iron reduces the amount of ai with its nitrogen 
diluent, otherwise required for oxidation, 

To reduce the data to pounds of gas per hour avail- 
able for steam generation, the open-hearth practice 
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must be reduced to the following figures: 


Kate steel produced per hows... 7.90 tons iseots 


Coal per tom meots.....0..000.. 70] I}vs, 
Ore per tom meats. .........0.—. Iso Ils, 
Piy iron per tom ineots....0..... Lava lbs, 
Limestone per ton ingots... . 0... 200) Ios, 
SAT TOO lly. case actwarenin’ Sut Recreate aa 3S lbs 


Gas from pig iron charged per ton steel: 
4.35 Ccarbon in pry iron) Tess 0.20 Coarhorn in stech 
= 4.15 percentave carbon burned out of oie ren 


1475 LOFTS = 61.2 Ths. carhon burned oat of pis wren 
61.3 \ 2.600 ==> 168.0 Tbs. oxveen required ter carben 
[SY ~ O.205 -= S000 Ths. oxveen available in ore 
los. — S00 = TIS L0 Ths. oxveen required tras aur 
113 eC 708 

ieee cae es aS aS Ibs. nitrogen im eas trom aceot- 

Fea es panvine OVE, 
Gh.2 ae lth) = 224.4 Ms. COs tony jor 1k ais 


Gas from limestone charged per ton steel: 
20 x O.42 = S4 Ibs. CO). 

Gas from stleon and manganese charged per ton 
stecl: 


ee oe <= 2 60 percentage sthean and manganese 
iM pre iron 
l475 S26) ee aa Tse Abie ils. tie eth 


BS. 0 CL OS SL TOS 


a ee ane 


102 Us. mitrosen mm waste uases 


ee Prom, oxidation of Si and Moan. 
Total carbon dioxide from couarge 7-2 30S Ths. 
Total mitrogen by charee Bea. ee 


Gases from coal burned at producer: 


(HP --- 
11.52 C + 34.56 a oe 
( 8) 

Peo SS OT Ss SYS CG Se ee A 58 G Tike: ap ee 
plus 4.32“) .0142 ( KS) quired por Tbh. coal 
Analvsis burned eases (0.0 per cent exeess air): 

COs 260) — 340% 222 Ibs. CO, 

(), 

XN; 8.01 Ww FER Se TS Ne - Pease sir 

Biles Ny fram coal 
H:O 0456 % 9 ee a) Ph) from Hoan coal 
PSS4 TEC tram coal 
07 (1-0) from. air 7a. damidity 
ot Pe from steam 
9 59 total werght gas per P-lh. coal 
AO) 6 9.6 = 6.370 Ths. total wereht eas from coal per ten 


WeOts. 


Per cent by weight: 


Wet Drv 
CHI Se see Teen eee apes 
Net Saga gitter aa O5.75 74.2 
ERs cteesecnes 11.40 


The CQO. content of 13 per cent in the stack gases 
as compared to 19.2 per cent in gases from charge and 
coal undiluted with air indicates an addition of air 
of 47.5 per cent to the gases. “Vhis is, in part, supplied 
through the ports, and in part byw leakage at the doors, 
ports and checkets. Vhe indicated addition of 47.5 
per cent air to 7,509 pounds gas will total 3.597 pounds 
of air per ton of ingots, giving T&4s8 pounds CO., 833 
pounds of oxvgen, 7,631 pounds nitrogen, and 768 
pounds moisture, or a total weteht of gases of 11,100 
pounds. Per hour we have 88,500 pounds of gas. As 
an approximate check on these quantities of gas, one 
may divide the total carbon in coal, pig iron and lhme- 
stone, or 303 pounds, by the carbon im one cubte foot 
of waste gas containing 13 per cent CO... or 0.044 
pound. This gives us 91,000 pounds per hour. 
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Analyses of Total Waste Gases—No Air Dilution 
Per Ton Ingots 


Potal  A\nalysis—Dry 


Content Lbs. Lbs. Weight Volunse 
oONs TT ME on ee hae es. 2S 
iro cextl }a4n 
CAR inte bu. gunk aed lS-+8 2s AC 19.2 
ce CROC Lace eee ees AES 
froan ocaal and =  conbus- 
tiell . . 4416 
fh eee 403 Fi lice 80.8 
he eee aciizel, Sti: Shea nsec 708 708 


Total werehtoof gases per 
Ca ATR Se bs facta 7209 

At 1.300 degrees PF. there are 26,000,000 Btu. in the 
waste @atses, as against 69,000,000 Btu. in coal charged, 
or 43 per cent of total heat charged, equivalent. to 
2400 pounds of coal hour. 

As an illustration of the practical application of 
the modern fire-tube type of waste heat boiler, a de- 
scription and evaporation test of an installation fol- 
lows: 

Fire-Tube Waste Heat Boilers Installed 

on Open Hearth Furnaces. 

The installation consists of fourteen (14) boilers, 
one Tleine, two Stirling water-tube, and eleven (11) 
Bacon fire-tube boilers. .\ test was conducted on 
one Bacon fire-tube utilizing waste gases from an 
open-hearth furnace.  fsach unit consists of a super- 
heater. a two-pass vertical fire-tube boiler, and an ex- 
haust fan driven by a steam turbine. 

The superheater consists of two units with ele- 
ments set ina vertical position in the horizontal flue 
near the first pass of the boiler. 

The boiler consists of two vertical passes 82 inches 
in ciameter. The first pass contains 282 three-inch 
flues, 16 fect long, and the second having a like num- 
ber, but 12 feet long. The tops of the two passes are 
set at the same height and each has a 16-inch nozzle 
located 12 inches from the top flue sheet and connected 
to a 4-foot O-inch x 7-foot O-mnch steam drum. The 
bottom of the steam drum, which is about 30 inches 
helow the top of the passes, is connected to cach of the 
two passes near the bottom by ai t2-inch water leg. 
Feed water enters this water leg from which it flows 
to the hottom connection of each pass. The water level 
is earricd about J4 inches below the upper flue sheet. 
This gives about 92 per cent of the heating surface as 
cfective for evaporation, 

The second pass is equipped on top with a perma- 
nent soot blower, while a hand lance is used on the 
bottom of the first pass and superheater for cleaning 
Hes, 

The waste gases are handled by an overhung wheel 
single infet fan. Capacity 80,000 pounds of gas per 
hour at 500 degrees Fi, with static ditference of §.5 
mneches at PDS rpm. EFfficteney 75 per cent, requiring 
87.2 hp. ‘The fan is driven by a steam turbine, stancd- 
ard non-condensing 3.985 rpm rated 37.5 Bhp. The 
chanve of speed is made by a set of herringbone speed 
reduction gears of 3:57 to E ratio. Vhe gases are taken 
from the main furnace flue. immediately before en- 
tering the stack, pass through a horizontal brick flue 
4-fect O-inches wide x 6-fecet Ginehes high, equivalent 
to an area of 27 square feet, to the superheater, thence 
throteh the same sized flue to directly underneath 
the first pass. taken up through a 4-foot 3-inch diam- 
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eter brick-lined flue and through the first pass, then 
across the transfer flue, down the second pass and out 
to the fan. The fan discharges the gases back into 
the main stack again immediately above the roof line. 
The boiler is equipped with suitable dampers before 
the superheater and aftet the fan to by-pass the boiler. 


The feed water passes through a hot water con- 
tinuous softener of 15,000 gallons per hour normal 
rating, located in the vicinity of the open hearth. The 
exhaust steam from the fan turbines and the three 
reciprocating feed pumps is used in heating the feed 
water while passing through the water softener. 


Evaporation Test. 
Feed water was measured in tanks of known di- 


mensions and feed water temperature was taken with ' 


a thermometer. Tell-tale valves were installed in 
feed line to avoid any possible error in feed water 
piping. The blow-off valves all terminate in a pit 
and this was observed to correct any possible leakage. 
These valves were tightly closed and no leak found. 


Temperatures of gases before the superheater, be- 
tween the superheater and boiler, and between the 
two passes were taken with thermo-couples which 
were checked immediately before the tests. The tem- 
perature of gases between second pass and fan, also 
temperature of superheated steam, was taken with 
mercurial thermometer. 


Drafts were taken with manometers and were 
checked frequently to avoid error with changes of teni- 
perature. 


The steam consumption of the fan turbine was ob- 
tained by a recording steam flow meter installed in the 
24-inch steam line to the turbine. Each test was run 
from tap to tap of thé furnace, but the first two hours 
of the last test were thrown out on account of having 


gas turned off for a few minutes due to furnace troubles. 
Table No. 1. 


Soaking Pits and Re-Heating Furnaces. 


Soaking pits and re-heating furnaces are other 
sources of waste heat recovery. The number, arrange- 
ment, and location of the pits and furnaces will de- 
termine the desirability and feasibility of an installa- 
tion. 


For example, the author has in mind one plant 
where there are ten (10) pits arranged in a row. in- 
vestigations made to determine the quantity and teni- 
perature of the waste gases demonstrated that with 
producer gas as fuel, there was available 26,000 pounds 
of waste gas per pit hour. The gas had an average 
temperature of 1,165 degrees F. at the base of the stack. 


By an arrangement of underground insulated flues 
and suitable dampers such as to combine the gases 
from three or four pits to a boiler, it was estimated 
that 1,100 Bo. hp net would be developed based on 99 
per cent operating time. The return on the invest- 
ment in this case represented 45 per cent. 


Table No. 1 
Results of Tests 
Date June 14,1918 July 1, 1918 
Duration OhrsSmin. 7 hr. $0 min, 
Pressures— 
Steam at ‘boiler—Ibs. per sq. in........ 144.6 143.5 
Steam after superheater—lIbs. per sq. in. 143.0 142.0 
Loss through superheater—lbs. per sq. 
AG Cheaters Socal tasks ee aes ae enti a 1.6 1.5 
Steam in turbine steam chest—lIbs. per 
SQ i ish ohare otal omiienae Fanacitiate nts 91.7 116.0 
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Exhaust steam from turbine—lbs. per 


Sic. 1s: aac deal ban eae ose ea eae? 0.0 0.0 
Barometer—lIbs. per sq. in............. 14.45 14.5 
Drafts— 
Before superheater—ins. water........ 1.45 1.26 
Before boiler—ins. water ........... ae 1.81 1.70 
In transfer flue—ins. water ........... 2.65 2.52 
Before fan—ins. water ................ 3.51 3.28 
In fan discharge—ins. water .......... 0.96 0.81 
Drop in draft before superheater to fan 
inlet—ins, water ..........0.-ee0 00> 2.06 2.02 
Drop in draft through superheater—uins. 
WAGE ccchuveceter cent ses ween eeass 0. 36 0.44 
Drop in draft through first pass—ins. 
Wale axis coi t ou Becta ee ee ek 0.84 0.82 
Drop in draft through second pass— 
WS: (WALLER aeika Fae eeag eee eeae 0.86 0.76 
Drop in draft through botler—ins. water 1.70 1.58 
Total draft across fan—ins. water 2.55 2.47 
Temperatures— 
Waste gas before superheater—deg. F. 1451.2 1372.6 
Waste gas after superheater and before 
boiler—deg. Fy... see ee cee eek Seen 1269 .4 1205.7 
Waste gas in transfer flue—deg. F..... 793.2 723.4 
Waste gas before fan—deg. F.......... 556.2 525.0 
Feed water—-deg. F. ........ ce eee eee 177.7 181.0 
Steam leaving boiler—deg. F.......... 363.0 362.0 
Steam leaving superhcater—deg. F..... 507 .0 472.0 
Superheat— 
Due to boiler—deg. F.......000....... 0 0 
Due to superheater—deg. F........... 145.0 110.0 
Total superheat—deg. FF. ........ 145.0 110.0 
Calorimeter— 
Temperature of steam—deg. F......... 296.65 314.6 
Pressure of steam—ins. hy............ 4.42 4.81 
Quality of steam—per cent............ 99.5 100.0 
—June 14,1918— —-July 1, 1918--—- 
Bo. & Bo. & 
Water— Ro. Only Suphtr. Ro. Only Suphtr. 


Water per Hour— 


Total fed to boiler.... 129.685 129.685 100.990 — 100,990 
Factor of evaporation. 1.081 1.162 1.077 1.134 
Equiv. evap. FEF. & A 

at 212° weaeeeess 140.200 150,700 108,600 114,500 
Fed to boiler—ibs..... 13,086 13,086 12,890 12,890 
Equiv. evap.—lIbs. .... 14,150 15.210 13,885 14,630 
Horsepower .......... 410 441 403 424 
Net Bo. hp deducting 

turbine steam ..... 371.3 402.3 364 385 


—June 14,1918— ~—July 1, 4918— 


Before Before Before Before 
Gas Analysis— Suphtr. Fan  Suphtr.. Fan 
COs—per cent ....... 14.20 12.48 14.5 12.1 
(} —per cent ....... 5.61 7.17 5.4 7.0 
CO—per cent ....... 0.0 0.0 0.0 0.0 


June 14,1918 July 1, 1918 
Opening of damper to stack— 


CAVETAGE). . yok nsiranintonwins wae ewes 0 0 
Steam per hour to turbine—Ibs.. ; 1148 1295 
Boiler hp of turbine................. 38.7 39 
Turbine speed—rpm ..............5. 3486 3589 
Density of gas at 62° F.—lbs........ .07893 .07893 
Heat absorbed from gases by steam ; ; 

DOP Ts. De asa die hte ee aa oY 13,730,000 13,492,000 
Coal equivalent Ibs. per hour........ 1250 1220 
Heat radiated per hour—Btu. (as- 

SUINCG)® | deca ndees Wittman ed eau tes 500,000 500,000 
Total heat absorbed and radiated— 

BtGs wacswe wa bwonska cone eet 14,230,000 13,992,000 
Total tempt. aOR across boiler — 

GeO A) Gace she te a caress 713.2 680.7 
Weight gases ae hr. through boiler— 

NSS oP katte 2 ahead a ea eaho ais tte 79.800 82,300 
Evaporation in first pass—per cent.. 67 70.8 
F.vaporation in second pass—per cent 33 29.2 
Per cent drop in tempt. between inlet 

and outlet of available heat...... 78.7 80.7 
Rate of heat transfer, Btu. per hr. per 

sq. ft. of heating surface per de- 

gree mean tempt. difference be- 

tween gas and stcam............. 5.93 6.31 
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In making an investigation, as mentioned above, 
to determine the quantity and temperature of gases 
available, precautions should be taken to stop all un- 
necessary cracks and openings around valves, and in 
the flues leading to the point of observation. Other- 
wise, determinations made would not represent the 
-condition which might he obtained. As, for example, 
when observations were first taken, it was found that 
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the stack temperatures only averaged in the neighbor- 
hood of 825 degrees I. This difference of temperature 
was, of course, due to air infiltration, while not in this 
particular case affecting the economic operation of the 
pit, would lead to erroneous conclusions from. the 
standpoint of waste heat utilization. 


The following is a drawing showing a proposed 
installation of waste heat boilers for soaking pits. 


Electrification of the Steel Plant Railroad 


By R. B. GERHARDT. 


this country, up to the present time, has, in 

general, been for special purposes, such as to 
relieve congestion or for terminal work. Only a very 
few roads have electrified with the view of handling 
general freight and passenger traffic.” 


“There are four reasons for electrification at the 
present time; these are as follows: 


6B this country, up to of main line railroads in 


1. Tunnel Electrification. 

2. Terminal Congestion (also smoke nuisance). 
3. Grades. 

4. General Economies and Increased Capacity.” 


“Some of the roads which are electrified for tunnel 
work only are the Boston and Maine (Hoosac Tunnel), 
the Grand Trunk R. R. (St. Clair Tunnel), The Great 
Northern R. R. (Cascade Tunnel), and the Michigan 
Central (Detroit River Tunnel).” 


“Some of the roads which have electrified terminals 
in order to reduce congestion and smoke nuisance in 
the approaching tunnels are the New York, New 
Haven & Hartford R. R., the Pennsylvania R. R. (at 
New York and at Philadelphia), the New York Cen- 
tral, and the Baltimore and Ohio.” 


“Roads which have electrified primarily on account 
of grades are the Norfolk & Western and the Chicago, 
Milwaukee & St. Paul.” 


“Roads which have electrified in order to obtain 
the general economies resulting therefrom together 
with increased capacity are the New York, New 
Haven & Hartford, the Norfolk & Western, Chicago, 
Milwaukee & St. Paul, and the Butte. Anaconda & 
Pacific. As may be observed, there are only four main 
roads as yet electrified which haul general traffic. The 
other electrifications are of such a nature that there 
is no opportunity for classifying or switching of any 
considerable amount of freight. However, it is in- 
teresting to know that a number of the roads have had 
projects under way for the electrification of classifica- 
tion yard, the chief of which are the Pennsylvania 
R. R. (the new freight yard between Fifty-second and 
Overbrook, just outside of Philadelphia), and the Bal- 
timore & Ohio (at Cumberland).” 


“It 1s also interesting to note that a large number 
of smaller railroads handle and switch freight by elec- 
tric locomotives. Some of these roads are: 


Southern Pacific (Pacific Electric), Oakland, An- 


_ Abstract of paper read at Association of Tron and Steel 
Electrical Engineers Convention, Chicago, September, 1921. 
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tioch & Eastern, Piedmont & Northern, Spokane & 
Inland Empire. Salt Lake & Utah, Fort Dodge, Des 
Moines & Southern.” | 


In practically all cases where roads have been elec- 
tried a considerable economy of operation has re- 
sulted and in all.cases the electrification has permitted 
of more dense traffic than previously. 


Considering the electrification of steam railroads 
in general, the following items as regards economy 
of operation, in addition to the fixed charges on any 
investment undertaken, have to be considered: 


Fuel and other operating materials 
Repairs 

Operating Labor 

Locomotive Depreciation 

Hostler or Station Service. 


Fuel. 


Under this item the greatest saving can be shown 
in yard service, due to the fact that the steam loco- 
motive in yard service is idle a much longer time than 
in any other class of service, and during this time the 
losses, figured back into fuel are very considerably 
greater than with the electric locomotive, particularly 
where fhe energy for such electric locomotive is ob- 
tained from a general system of power. It has been 
pointed out also, under this heading, “that there is 
no creeping paralysis gradually impairing the efficiency 
of the electric locomotive until temporary relief is ob- 
tained through frequent boiler washings and _ shifter 
house tinkering, as the efficiency of this unit remains 
very nearly constant over the entire life of the equip- 
ment.” In addition to the above the steam locomotive 
efficiency gradually drops off from wear in the piston 
rings, piston and cylinder walls. With electric opera- 
tion, however, there are some chances of inefficient 
operation due to transmission, distribution and track 
bonding losses, and it is essential that careful inspec- 
tion be given these points the same as is given the loco- 
motive itself. From results obtained by the N. Y., 
N. H. & H. Railroad Company it has been shown that 
for every 106.8 pounds of coal required hy a steam 
locomotive in yard service, 38.3 pounds of coal will 
do the same work after electrification. (Refer to joint 
meeting of A. S. M. E. and A. I. E. E., New York, 
October 22, 1920. Statement A. L. Ralston, Mechan- 
ical Superintendent. New York, New Haven & Hart- 
ford Railroad.) This gives a ratio of 36 per cent for 
this class of service. but for yard work recent tests 
have shown that this ratio drops to 18 per cent, not 
taking into account coal lost in the steam locomotives 


by banking the fires. With electric locomotives re- 
ceiving their energs frome oa central power svstem 
the cost of eleetrie power las to be compared with 
the cost of fuel ter the steam locomotive, Tlowever, 
there Is no coal and ashes to be handled. Tikewise, i 
the case of vard service no water. There is, however, 
some operating material, such as ol, grease and said 
required i both cases, but the items of ol and grense 
are much Jess with the cleetrie locomotive.  Adone 
with the elimination of tuel, ashes, and water there 
ean be discarded, in tavor of cleetrieation, the plants 
required to handle these matertals. 


Repairs. 

Under this item the tundamental ditherence fe. 
tween the two classes of locomotives is the leneth ot 
time required to make any major repurs, except pos: 
stblyv in the cases of turning tires and parating, Spare 
parts can be so casily and quickly substituted i the 
case of the electric locomotives, that the time for so 
doing will greatly overbalance that required! for mies: 
repairs on the steam locomotive. An ariieture. metas, 
gear, or controller on the electric locomotive can ia- 
most be changed i the time required to cool dey 
and empty a locomotive boiler sately for any pether 
repairs, not to speak of engine evlinder repairs. Wath 
electric Operation where power is taken from the wen- 
eral power system, the cost of any addittonal appeo- 
ratus required for supplying current to cleetrie ace 
motives, of course, has to be taken inte account: Lke- 
wise, an item under repairs to be considered, which 
does not enter into steam operation, is Che muaimntenmainec 
of transmission, distribution and contact line systems, 
With electric locomotives, however, there are ne re- 
strictions imposed by any outside boiler inspection. 
The following figures, taken) from) Mir. Armstrong's 
paper at the New York engineering Meeting. referred 
to above, are indicative of the locomotive cost on re- 
pairs for main line freight service: 


Operating Labor. 


Steatn CALA St. Pe 
Mallet Plectrie 
Cost repairs per HAVO aS Se ceen, fh asch aes Ob cots l4o05 cents 
Wereht on drivers. ...0.0... 24 tons Aaa taiths 
Cost repairs per 100) tons loco- 
motive wereht on drivers..... 25 cents (eo 2 ates 


In general vard work the tram crews under cleetric 
operation do not differ trom: those under steam anera- 
tion, except that the wages of the man takine the 
place of the fireman are usually somewhat less. lor 
steel plant operation considerable additional cconony 
ean be effected. 


Locomotive Depreciation and Retirement. 

In the case of steam itis atan appreciably higher 
rate than i the case of electric operation. Tt is gen- 
erally coneeded that the Ite of a steam locometive 
averages between 1a and 20 vears. as agaist the hte 
of an electric locomotive of 25 to 30 vears.  Substen- 
trating this Powish to pomt out that the cleetric loco 
motives on the Bb. & OO. Punnel in Baltimore, are al- 
ready in them twenty-sixth vear of operation, 


Hostler or Station Service. 

With cleetrie operation this service is reduced ai- 
most to a aminmnum. As a oneitter of fact i the loce- 
Inotives are so designed as to allow Theral aces sstbilts 
for inspection and oiling, the inspector can look after 
his work without necessitate the locomotive berms 
sent to the station or shop, and the only requisite in 
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the usual course of operation would be that the loco- 
motive go toa specced pomt for taking on sand when 
the supply is exhausted. No tire cCleantne and re- 
buikdie is necessary: likewise. fueling, watering and 
washing are done away with. Phe cleetrie locomotive 
inalways rendy to run and pull its masini toad wath 
the turnme onoot the ecurent. While it is first neees- 
sary with the steam locomotive to get up steam pres- 
sre to do this work. 

ln the above condittons the cleetrie storage bat- 
tervctivene at lecomutiweiiias tet heen imclidedl tor the 
reas Tt aoe reater SAV Ine ai. eI eCte bperalion ave: 
steam ais shown by the use of strarght eleetrie loco- 
motives only. dt the sterzee battery machine ts con- 
sdered cach at the above items would be mereasce 
over straight clectric locomotiye operation except the 
nem "Operating Labor” for vard work the steor- 
aoe battery machine, especrilby siiece the same ean new 
he secured qatar Tiree S76 Wats EPs tiritet ee 
possibilities due to the faet that no overhead or rail 
contact svstems are required tor its operation.  blow- 
ever, the disadvantages are its not bese able to with- 
stond as rough treatment as the strareht eleetrie mae 
cling. its inability te maintam continuous service since 
during certum periods it must be idle tor charging the 
battery or else exchoneine batteries, and finally a high 
depreciation on the battery itself oN combination mii- 
chine using both line contiet svstem and battery may 
be used and considerable benetits derived over the 
stratght battery machine. e 


Practically all of the steel plants with which we 
are familiar use for their de power svstem dircet cur- 
rent at a potential of 250 volts, and it is very essential 
for stmaiplicitw and ceonemy to use this same potential 
for the cleetric locomotive. Paoamost plants it should 
be entirely feastble to da this for the reason that de 
generating or converting apparatus is so distributed 
that lone distances of transmission are not encount- 
ered. Tn many cases the combination of the veneral 
plant load, wihielr is tiehly diversified, due to crane 
and oa operations, wath the raikwaw Toad wall con- 
siderably aniprove the load taetor om the de apparatus 
so that te handle the vard cleetrmeation it would net 
be neeessory te install saeh apparatus to the full ea- 
petccity reared for this work, 


The principal objeetton to the overhead trotley im 
the cleetrifeation of our vards is from the mterference 
with the work of locomotive erances. “Plis machine is 
so essential in othe stech plant vard that at ois almost 
Imipesstble to prek out anv section of track where the 
crane will not be required to work at some time or 
other: otherwise, we night consider the overhead con- 
struction, except im specced places where locomotive 
erane work is concentrated. Tt omav be proved, how- 
ever, that such construction can be used to advantace 
m the general classtheation vards, and this is a metter 
for turther study. One other objection to the overhead 
trolley as that it does not Tend itself very readily ta 
Dens aetna is loa ae Nel aes AO se is 
use. and we. therefore. feel that the most satisfactory 
svstem would be the third rad. After reaching this 
comeltston the first question that naturally present. 
itselfis the teastiabie era third radoin the vard freim 
the following standponits : 


Le SS cee 
2. aie ee OP Oe Sete aT Vere en ie atlver «aie 
lowes SCs tet Mica te 

Oo Dancer foam aueternel or dot metal spilling or falline on 
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Methods of crossing frogs and switeltes. 

Method oof construction throteh buridings or specs 
places Were conductor rath ois obrectrotable, 

gO. Pie-up from wrechs. 


"a 
. 


Safety. 

Vhe best answer to the question of safety is to 
refer to the operation on blast lurnace trestles Wee 
we have had electrified tracks with third rad construe. 
tion for many years, operating at the same 
proposed for vara electrification, 
records during this time Po tind that there has not beon 
a single accident from contaet with the live rai. “Vhere 
have been accidents on the trestle due to other catses, 
but none can be attributed to the electiifed conditicn 
of these tracks. “Pwo hundred and tity volts is tic 
common plant voltage whieh cur workinen are thor- 
oughly familiar with, and particularls the yard de- 
partment emplovees who have eee te do wich 
fusenittve cranes or duane oi liting: mamnets, 1 
we would have to go to any icetn ‘yo voltage, then the 
preposition would be considerably more hicaredote 
There are essentially two kinds of third rail contac 
systems, one using the over-top contact and the othe: 
underneath contact. and we prefer the latter for stecl 
plant work due to the fret that it ean be betier Te 
lated and more substantially protected from material 
falling into the rail and causing any trouble. Wath 
this type of construction, it is almost impossible ier 
anyone to come into contact with the live bath; Except 
by getting down underneath of the guard on CHU 
side and touching the head of the rail winch extendas 
slightly below the guard: whereas, with the overtop 
contact there ts not rormed nears es vod a support 
for the guard and anyone ean on this guard or 
anything falling on sme is very apt to break throug. 
and come in contact with the ee rath also it as cn: 
tirely possible to come in contact with the rial trom 
the side toward the track which is entirely exposca, 
The underneath contact system lends itself more res 
ily to a very close Htting guard, thus taking wp con 
siderably less space than the overtop contact rail with 
guard, and this close fitting guard can he purchased 
on the market made up of impregnated msulating mic 
terial in sectional leneths which mt the rad exactly 
and require no supporting straps ar brackets. “Phe 
labor of installing or repairing suche. rare Ws. tere 
fore, reduced to a minimum. Such construction has 
been in satisfactory use for quite a ntimber of years ou 
the New York Central eleetrineation mo New York 
City, also on the Philadelphia Rapid “Pransit System, 
Other installations are New York State Railways. 
Michigan Central Railroad. and the Central Calivornia 
Traction Company, as well as several midustrial plants. 


voltage us 


Looky yer ony 


Blocking Free Passage of Switchmen or Other 
Emplceyees Through the Yard. 


The type of third rail construction deseribcd above 
makes it very feasible to step Gver the raid without 
hazard of shock and without any strenuous cffo t. 
Also in crossing the rail there is no danger in actuaily 
stepping on the guard which will casily siapport just 
as much weight as the rail itself At any pomt where 
it is desirable to do so a gap of approximately 40 beet 
can be left in the rail hott CCRT ie ee 
with operation. Thus at road crossings there will be 
no difficulty. and at an other mecessary pots such 
yaps can be allowed. Where two or more tracks rua 
parallel the conductors’ rails are located tow: ard the 
inside of these tracks, su as to leave the outside area 
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free of Obstructions to the switchmen and brakemen. 
With electric operation the locomotive has operating 
control equipment on each side of the engineer's cai 
so that he can use either side of the locomotive as 
desired, 


- 
a4 
J 


Methods of Crossing Frogs and Switches. 

Qa general first glanee at a steel plant raidroad 
var ote’s first opiiien ds that on account of the com- 
plicated track system with numerous switches and 
crossovers, third ral operation is not practical. Tlow- 
ever, one only needs to study the situation to a slight 
exient to overcome these doubts. Om many furnace 
trestle cleetriticd tracks we have solved these ditt 
culties aud can castly improve even on such systems, 
as there are considerable difficulties to contend with 
there, die to sp Hage of all kinds of raw materials and 
scrip down over the tracks, which would not be the 
case am general ward work. By using four collector 
shoes, one at each corner of an electric locomotive, 
and by the use of the side approach conductor rail 
iitting at switches, itis entirely possible to keep cur- 
rent on the locomotive, even at most difficult: track 
positions, and where gaps must necessarily occur in 
the conductor rad it is only a matter of getting the 
proper distanee between collector shoes to solve the 
problem, 

lor the purpose of making a comparison between 
steq;m and electric operation on any particular propo- 
sition it is very necessary for accurate results to se- 
cure a service data test on one or more of the steam 
locomotives to be replaced im each class of service. 
lor conducting this test the locomotive is equipped 
with an eleetrie revolution counter for determining 
the speed and the distance travelled for any move- 
ment. Phe time is taken with aostop watch, the 
Wetehits-ot Theirs obtained fram the trerght records, 
and a log is kept as follows: 


The revolution counter is read and recorded, and 
as the locomotive starts to move the time is taken. 
tevether with the trailing load, until the locomotive is 
stepped. Vhese values are recorded opposite the coun- 
ter readings. No onew counter reading is not taken 
until the lead is chanyved, by either dropping or taking 
on cars. Only the seconds im motion are recorded, 
If locomotive is stopped for switches, ete. the time 
iis standing still is deducted from the total time of 
the move. When the load is changed. this constitutes 
anew shift and counter is read, and recorded under 
shift No. 2.0 Vhe new load and time of the new shit 
is termed a heht shift or running heht move. The 
seme record is kept of these moves as of loaded shitts. 
ln keeping this log for a day the total work done by 
the locomotive for that day can be determined in 
tems of ton mikes. The coal consumed per day ts 
taken frem the coal records so that pounds of coal 
per ton mile ean be obtained, In order to arrive ata 
more reliable average dav’s work, three tests are made 
aid their averages taken as a normal day's work on 
cach particular application. 


The following sample table gives data on a steel 
mill vard Tocomotive im typical service of handling 
incoming and outgoing freight. VPhis work is of a 
veriable nature as cars are spotted and collected all 
eer the Vward-. 

Vhis table shows that the heaviest trating load 
handed during the three davs was 1,330.5 tons, while 
most of the work consisted of considet ably lighter 
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shifts. The number of shifts per day is 88, while the 
per cent of time idle, lost in throwing switches, and 
making couplings, is only 40 per cent of total time. 
From comparison with other tests, it has been found 
that a locomotive working its maximum all day will 
vary its per cent time lost inversely with its length 
of shift. The average length of shift on this work 
was 1,682 feet. With this length of shift and size of 
locomotive, 40 per cent time lost represents a full 
day’s work or as much as can be expected from loco- 
motive so far as movement is concerned. Since the 
average load was only 199 tons, the trailing load could 
have been larger and more work or ton miles could 
have been accomplished, but the time lost would have 
remained no less and probably some greater. The 
total mileage per day averages 26.6 miles, which gives 
the average speed per shift at 5.1 mph. The trailing 
ton miles, which represent the effctive work accom- 


plished by the locomotive, were 3,530.4, while the loco- — 


motive ton miles or tons miles expended in order to 
accomplish the effect or trailing ton miles were 3,064. 
The locomotive ton miles represent 46.5 per cent of 
the gross or total ton miles. As the locomotive ton 
miles are ineffctive ton miles, the shifting may be said 
to be only 53.5 per cent efficient. The tender ton miles 
average 1,010.3 ton miles and are the ton miles neces- 
sary only to supply fuel to locomotive. Trailing ton 
miles should be used as a basis for any calculations 
since this value is the effective work, hence the amount 
of coal used to accomplish a trailing ton mile was 
1,122 pounds. oP 


Incoming and Outgoing Freight—Locomotive No. 26 
Weight on drivers, 75 tons. Total weight, 115 tons. - 


Test? NOw «sos seees 1 2 3 Average 
Date of test........ 2/8/21 2/9/21 =2/10/21 3 Days 
Length of test—hours 

and minutes ...... 7:11 7:10 7227 7:16 
Time locomotive was 

in motion ........ 4:12 4:02 4:53 4:21 
Time idle and _ lost 

coupling ......... 2:59 3:08 3:34 2:55 


Per cent time idle a 
and lost in coupling 41.6% 43.86% 34.406 50% 


Number shifts perday 116 7U 77. 88 
Number shifts light 

per day: <.ds ise. we = 14 14 16 15 
Average length of 

shift—feet ....... 1,180 1,025 1,940 1,682 
Average speed _ per 

shift in motion.... l 4.9 Sed St 
Maximum average 

speed—M. P. H... 10.6 Y.4 10.6 
Average weight trail- 

ing load ......... 143.3 180.5 275.0 198.9 
Average weight of 

loaded train ...... 258.3 295.5 388.0 313.9 


Per cent ‘locomotive 
weight to total 


train weight ...... 44.6% 39.0% 29.7% 36.7 Ge 
Maximum trailing 

load (tons) ,....... 481.5 907.95 1,330.5 
Total distance per 

test (miles) ...... 25.95 25.48 28 .29 26.57 
Total distance light 

Cmile$) “ss edteda es 7.24 8.38 10.63 8.75 
Per cent total dis- 

tance light ....... 27.9% 32.9% 37.6% 32.9% 
Trailing tons miles 

per test ..... Rome 2,681.3 3,088.2 4,821. 3.530. 
Tender ton miles 

Per test) aa er hvnesks 950.5 949.2 1.131. 1,010.: 


Jocomotive ton miles 
(tender inclusive). 3,008. 4 


8 4 
4 3 
2.950.2  3.253.4 = 3,064.0 
Gross tons miles per 
2 0) 


fOSE. act da dene 5.689.7 6,018.4 8,075. 6,596. 
Pounds coal per test 3.960 3.960 3.960 3,960 
Pounds coal per Tr. 

fon mile: s4¢c2cen 3% 1.477 1.282 823 Ti22 
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Pounds coal per Gr. 
ton mile ......... .696 .658 . 591 .615 


In order to give some idea as to what results might 
be secured after electrification the figures below are 
representative of a case which the writer has had under 
study for some time past and-gives actual steam opera- 
tion costs averaged over a period of several years 
against estimated costs with electric operation: 


—Steam— Electric 
Straight 
Electric 
Battery With 
Locomotives Third Rail 
Number of locomotives 27 27 23 
Investment charges, in- 

cluding shop and 

service facilities, 

converting apparatus, 

transmission and con- 

tact systems ....... $850,000.00 $1,220,000.00 $1,376;000.00 
Fixed charges per an- 

VUE liane nehs Coy Sai 99,300.00 105,300.00 164,800.00 
Locomotive  deprecia- 

POT: senses Herd ache ete 20,400.00 163,400.00 23,700.00 
Fuel or power...... .. 116,100.00 28,000.00 18,900.00 
INEDAITS! 2h cow n geoe aay 140,700.00 36,000.00 28,800.00 
Operating labor ...... 147,500.00 89,500.00 89,500.00 
Station service includ- 

ing miscellaneous 

operating material... 43,000.00 16,000.00 9,400.00 


oe 


Totals 2.02... .64. $567,000.00 $ 438,200.00 $ 335,100.00 


Annual saving over 
SEOAIN: secz aie haa eee $ 128,800.00 $ 231,900.00 


Per cent return on in- 
vestment in addition 
to normal interest in- 
cluded in fixed 
Charges: .sesesso¥e8 


10.5% 16.9% 


This proposition covers a steel plant railroad yard 
having a total trackage of 57 miles of single track. 
There are a total of 27 steam locomotives ranging in 
size from 75 tons down to 25 tons, and it is assumed 
that 27 battery locomotives with extra battery units, 
or 23 straight electric locomotives, using third rail 
would be required to do the same work. For stand- 
ardization purposes and flexibility of operation it is 
assumed that electric locomotives would either be 
40-ton or 80-ton units; each of the latter being made 
up of twe of the 40-ton machines. This would mean 
a total of 37 of the 40-ton battery locomotives or 33 
of the 40-ton straight locomotives to be considered. 
The figures given under electrification for investment 
charges really represent the net cost of this work after 
an allowance has been made for ‘the salvage value of 
the steam locomotives displaced. 


These figures really show only part of the saving 
that can be made by electrification. After the yard is 
electrified (with third rail system) the next step is 
to equip the locomotive cranes for motor operation 
and these machines could work in any part of the 
yard through the full 24 hours of the day if so desired. 
The greatest item of saving in this case shows up in 
the additional amount of work which can be secured 
from these units, for with steam operation present ex- 
perience has shown that a general average of 50 per 
cent of the time is lost due to the cranes having to 
drop their work and go for fuel or water. In some 
cases it is true that these items can be secured with- 
out any great movement, and in other cases many 
hours are lost for the same purpose, but in either event 
it is true that the cranes cannot continue with their 
work while taking on these requirements. It is rather 
hard to figure just what saving can be effected without 
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making an extensive investigation over quite a period 
of time, but for the case cited it is estimated that 
$70,000.00 annually would be conservative for an aver- 
age of ten cranes in operation. This would bring the 
annual saving in favor of electrification up to over 
$300,000.00 cutting the cost over the present method 
of operation by almost one-half. 
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It would appear, therefore, that the general sub- 
ject of electrification of the steel plant railroad is one 
which merits our investigations and study, and the 
writer predicts that the electric motor will displace the 
steam engine on our transportation system just the 
same as it has in our rolling mills. 


Electric Drive for Small Automatic Self- 
Dumping Skip Hoists 


Field of Usefulness of This Type Hoist Could Be Extended if 
Their Limitations Were Studied and Means of Improving Their 
Characteristics Were Pointed Out from the Standpoint of Power 


Application. 


By R. H. McLAIN and C. B. CONNELY, 


MALL automatic self-dumping skip hoists are gen- 

erally used for ash removal and coal hoisting in 

power plants and railway locomotive coal stations, 
and in handling free-flowing bulk material of various 
kinds. It is believed that their neld of usefulness could 
be further extended if their limitations were studied and 
means of improving thcir characteristics were pointed 
out from the standpoint of power application. 


There are three general classes of self-dumping skip 
hoists. All are equipped with a special bucket which, 
when drawn into canis at the top, either tilts over and 
discharges from its top or opens and discharges at the 
side and bottom, and then rights itself when lowered 
back into the skip shaft. 

Class 1 is the unbalanced skip hoist, and its requtre- 
nents are: 


(a) Power for hoisting a full skip. 
(b) Power for hoisting an empty skip. 
(c) Brake for lowering an empty skip. 
(d) Brake for lowering a full sk:p. 


Class 2 is the counter-weighted skip hoist. ihe coun- 
ter-weight may be of anysvalue, but for purposcs of this 
article it will be considered to be equal to 100 per cent 
of the skip plus 60 fer cent of the material in the skip. 
Jts power requirements are: 


(a) Power for hoisting a full bucket. 
(b) Brake for hoisting an empty bucket. 
(c) Power for lowering an empty bucket. 
(d) Brake for lowering a full bucket. 


Class 3 is the balanced skip hoist. It consists of two 
dumping skips and skip-ways, one of which is lowering 
while the other is hoisting. The power requirements are: 


(a) Power for hoisting a full skip and lowering 
an empty skip. 

(b) Power for hoisting a full skip and lowering 
a full skip. 


*Reprinted by permission from the June issue of the 
General Electric Review. 
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(c) Power for hoisting an empty skip and lower- 
Ing an empty skip. 

(d) Brake for hoisting an empty skip and lower- 
ing a full skip. 
The rope pulls change while material is being dumped 
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Fig. 1 to 9—Typical rope pulls of balanced hoists expressed 
in lb.ft. torque at motor shaft. 
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and while some of the weight of the top skip may be 
resting on the dumping cams, and Figs. 1 to 9 inclusive 
are plotted to show the motor torque required for Class 3 
hoists under conditions (a), (c) and (d), it being as- 
sumed that speed is constant. These curves are plotted 
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with motor torque as ordinates and feet along the <kip- 
Way as abscissae. 

Drums are cvlindrical. 

Weight of skip 100 per cent. 

Weight of material in skip 100 per cent. 

Weight of counter-weight (when used) 169 per cent. 

Motor speed 900 r.p.m. 

Height of hoist 100 fect. 

Weight of rope ts neglected. 

Normal amount of rope drawn tm when skip is bere 
pulled into the dumping cams is 2 Tt. 
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Fig. 10—Theoretical skip hoisting engine efficiency 
from motor shaft to rope. 


The skip or counter-weight when at the bottom is 
suspended entirely on the rope; also the counter-weight 
when at the top is suspended enurely on the rope. oA 
variation in this arrangement can casily be made by 
allowing some of the weight of the skip at the bottom 
to rest either on a weigh-beam or a cam- shaped: track, 
Such an arrangement can be made to materially Wprove 
the duty cyele, especially as regards accuracy of stopping 
and amount of starting torque. (Cligs. 7. 8 and 9, while 
not plotted to cover this condition accurately, illustrate 
the nature of the advantage obtained. ) 

When the skip is in the normal fully dumped position 
at the top, either 100 per cent, 50 per cent or 25 per cent 
of the weight of the skip may be suspended trom the 
rope, the remainder resting on the dumping cams. Phe 
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Speed at Which a Falling Beuy Strikes in Ft. Per Min. 


Fig. 11—Speed at which a falling body strikes versus 
height of fall in inches. 


amount of weight which hangs on the rope depends upon 
the type of bucket and cams. Distinction will be made 
between the duty eveles under cach of the three condi- 
tions. When the skip is drawn three feet of rope travel 
above the nornial position of dumping, 160 per cent ot 
the weight of the skip is suspended trom: the rope. 

The losses in sheaves and the shaft friction for a skip 
are taken as 3 per cent of the rope pull produced by that 
skip ina vertical shaft. 

The mechanical eficieney of the hoisting machine 
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between motor pimon and rope is taken as &5 per cent. 

An additional set of curves, Figs. 12 and 13, are 
plotted to show how great is the variation in the point 
of stopping both at the top and at the bottom when cer- 
tam of these conditions vary. In this set of curves the 
variation of the stopping point in feet is plotted as or- 
dinates agaist the skip speed in feet per minute as 
abscissae, “These variations are caused by the following 
vartauions an hoist conditions, which are now used to 
supersede cert asstunptions made above : 


The hoist machine efficiency will now be taken as 63 
per cent for 50 ft. per minute speed, and will v: ary up to 
So per cent for 3CO ft. per minute skip speed. as shown 
on tog. 10. 

References to Tables Toand Tf will show that speeds 
ranging from GS per cent of synchronisn: for hoisting to 
124 per cent for lowering, and 95 per cent for hoisting 
to PIS per cent for lowering. were used to cover varia- 
tions due to voltage and load conditions and to the class 
of motor considered. 


A wound rotor polyphase induction motor with the 
armature short ciremted and with normal voltage has a 
full load speed 93 per cent of no load speed. 

It takes one-utth of a second for a friction brake to 
begm actual retardation after a stop limit) switch has 
tripped. This assumption makes allowance for the time 
required to open the cireuit to a contactor plus the time 
for it to drop ee plus the time for the eireuit through 
the contactor to be broken, plus the time required for 
the brake core to move from whe released to the applied 
position, 


The acceleration of the armature and all other mov- 
me parts is assumed to require during one second LOO 
per cent ot the torque required to hoist normal load at 
normal speed up the straight part of the shaft. 

Voltage will be assumed to be 105 per cent maximum 
and 90 per cent minimum, and for each condition the par- 
ticular voltage value will be chosen which tends to make 
the widest variation in speed. This will mean that the 
motor speed varies from. 93 per cent to 124 per cent 
of svnehronisn, 

The torque produced by the friction brake will be 
assumed to be somewhere between 125 per cent and 150 
percent. The value which produces the widest variation 
In danding accuracy will be used. 

From Pigs. 12 and 13 it is easy to determine the cage 
speed at which a hoist can be operated for any desired 
accuracy of landing. But these curves, as shown by fore- 
gong eee picture the conditions of what might 
bec: alled an ordinary installation where no refinements 
were used to maprove the accuracy of the landing. 

The Tables I and If, which refer to Figs. 12 and 13, 
Indicate that much greater accuracy of landing may be 
obtained by adopting improved methods. as follows: 

1. Use a heavier solenoid brake whose maximun. re: 
tarding torque is 200 per cent of torque required to hoist 
full load at full speed and minimum retarding torque is 


166 per cent. 


2. Provide means m the control apparatus which 
will eliminate entirely the tine interval between the 
shutting off of power from che motor and the beginning 
of retarding torque by the brake. 

3. Use aimotor which has a speed ratio of 2:1, that 
is, itean be slowed down trom a maxinun speed to one- 
half maximum specd betore the final stop is mace. Such 
a motor would have approximately 20 per cent more 
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flywheel effect in its armature than would a single speed 
motor. 

4. Use a slip ring induction motor in which all re- 
sistance is short circuited while hoisting, thus insuring a 
range in motor speed between G6 per cent and 114 per 
cent. 

Tables I and IT indicate by percentage the relative 
accuracy of these various expedients. The conditions 
shown by Fig. 12 are taken as 100 per cent for Table I 
and those shown by 13 are taken as 100 per cent for 
Table II. For example: In sig. 12, the variation in 
stopping for a skip whose full load normal speed is 300 
ft ._per minute will be ©9 ft. Now. by reterring to 
Table I, it will be seen that this condition is considere | 
as 100 per cent, and if the control is arranged to take the 


Feet Per Atinute 


Fig. 12—Variation in stopping in feet versus normal 
hoisting speed under following conditions. 


lag out of the brake, this variation will be 47.7 per cent 
of 6.9 ft., or 3.3 ft. If this time clement is taken out ot 
the setting of the solenoid brake, and if the brake 1s in- 
creased so that its retarding torque varies between 166 
per cent and 200 per cent of normal torque, the variation 
now becomes 25.3 per cent of 69 ft. or 174 it. Tia 
still further improvement is made by using a 2.1 adjust- 
able speed motor having a small slip, and the large brake 
is still used, the variation will be 6.2 per cent of 6.9 It., or 
0.43 ft. In other words, by introducing several retine- 
ments a very high degree of accuracy can be obtained. 

As indicated above, one method of improving the accu- 
racy of landing is the use of a 2:1 adjustable speed motor 
which is slowed down to a creeping speed for approach- 
ing the landing point. 

There are three other conditions besides accuracy of 
stopping which will determine the value of this creeping 
speed, viz.: first, the speed at which the skip may be per- 
mitted to enter the dumping horns because of straims in 
the structure when the vertical velocity of the skip ts 
changed to horizontal velocity ; second, the speed at which 
material may be permitted to spill as determined by its 
disposition in the receptacle into which it falls: third, the 
speed at which the skip may strike the scale beam at 
the bottom when such a beam is used. No attempt will 
be made in this paper to prescribe these limuts because 
they depend on conditions other than power drive, but 
Fig. 11 is submitted as an aid in judging the speed. “The 
accuracy required for landing is most frequently the 
cause of speed limitation. 

Don’t use series wound direct-current motors exeept 
on Class I hoist. 

Don’t use compound-wound direct-current motors ¢x- 
cept on Class I hoist, unless the series field is short cir- 
cuited by the starting controller. 

Don’t insert resistance in the armature circuit of a 
direct-current motor or an alternating current motor and 
expect this to improve the accuracy of landing. Under 
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normal conditions it may diminish the speed at which 
the skip enters the dumping horns, but it increases the 
variation in stopping accuracy and under abnormal con- 
ditions of load, such as hoisting an empty skip and lower- 
ing a full skip, it increascs the speed at which the skip 
enters the dumping horns. The only sure method with 
evlindrical drums* of getting a dependable decrease in 
speed for dumping and landing purposes is to use dy- 
nanuc braking or shunt field control in the case of d. c. 
mutors, or multi-speed windings in the case of a. c. 
motors. 


TABLE I 
For Class 3 Skips 
When hoisting an empty bucket and Jowering a loaded 
one tie per cent variation from the stopping distance in Fig. 
12 is eiven below: 


Motor Speed Range Ss 
2:1 1:1 wu 
Variation from Snych. 2 
95-113 Per Cent 95-124 Per Cent 95-124 Per Cent ou 
Brake Per Cent oe = 
150-125 200-166 150-125 150-125 200-166 —. 2 
Percentage Variation from Fig. 12 ees 
18 72. A 
9.43 41, 22.6 B 5 
30 100. A 
17, 6.2 47.7 25.3 PB 50 
31 102. A 
31.5 7.73 53.3 28.1 B 75 


A indicates variation allowing 0.2 seconds after power 
shut off betore brake applies. 
fo indicates variation when braking commences instantly 


after power cut off. 
TABLE II 
For Class 3 Skips 


When hoisting an empty bucket and lowering an empty 
one the per cent variation from the stopping distance in Fig. 
13.is given below: 


Motor speed range 2:1 1:1 Pet. Wt. 
Variation from as a 
Sioa ka ws 95-124 Per Cent 95-124 Per Cent in 
Brake per cent.. 150-125 150-125 200-166 9 PynP- 

9.76 54.7 ! 
41.3 22.7 8B 0 
9.88 100. A 
B 50 
24.3 113. A 75 


A indicates variation allowing 0.2 seconds after power 
shut off before brake applies. 

B indicates variation wien braking commences instantly 
after power cut off. 

In order to render these skip hoists automatic in 
action it is necessary to use full magnetic control, and 
along with this should be provided overload protection. 
Sometimes no voltage protection 1s also necessary, but in 
other cases it 1s perfeetly proper for the hoist to resume 
operation as soon as power is returned. In the case of 
a.c. motors protection should be provided against an acci- 
dental reversal of the phase rotation in the power supply. 
This can be done either by the use of a reverse-phase 
relav or by special arrangement and connection of limit 
switches. Some trouble may be encountered from a re- 
versal of incoming power, as the skip may start down 
with a wrong condition of load and this may cause trou- 
ble, or it nught injure someone who had every reason to 
beheve that the skip was going to start in the normal 
direction and had placed himself in a dangerous position. 
A phase reversal relay will protect against either of these 
troubles. Another trouble is that the usual method of 
connecting limit switches protects against over-travel 
only when the normal up contactor will stop the cage 
from going in the up direction, but under conditions of 


*Conical drums can be made to decrease the ship speed 
even when motor speed is constant. 
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phase reversal the up contactor would not control the 
motion of the up direction. Consequently an elaborate 
arrangement of limit switches or a phase reversal relay is 
required to protect against such an emergency. <A slack 
cable switch for stopping the hoist, should a cable become 
slack around the drum indicating that it was broken or 
that a skip had been obstructed in the shaft, would pro- 
tect against trouble. 


Automatic control may be made to perform any of 
the following functions: 


(a) An attendant starts the skip from the bottom and 
it is hoisted to the top where it is automatically dumped 


i ane reece 4 | 
p sseaaresccvacesaeeasses 
Messccecacsteveraesraeerits 


100 200 300 
Feet Per Minute 


Fig. 13—Variation in stopping in feet versus normal 
hoisting speed under following conditions. 


and stopped. It does not move again until an attendant 
starts it, and it goes through this cycle each time an 
attendant starts it. Such an equipment requires a push 
button for starting up, a push button for starting down, 
a stop switch, and the necessary limit switches for slow- 
ing down and stopping at each end of travel. 


(b) On Class 1 and Class 2 hoists, it is often advan- 
tageous for the operator to start the skip from the bot- 
tom and for the skip to make a round trip before the 
operator is again required to give it attention. Such a 
controller requires a push button for starting up, a push 
button for starting down (to be used only in cases of 
emergency or try-out), a stop switch, a time element 
relay for holding the motor at standstill for approxi- 
mately five seconds at the top while the skip is being 
dumped, and limit switches for slowing down and stop- 
ping at each end of travel. 


(c) On all classes of hoists it is sometiines advan- 
tageous to have a means of starting the skips into opera- 
tion and having them run continuously without further 
attention, with approximately five-second intervals at 
each end of travel for loading and unloading. Such a 
controller would require a starting up push button, a 
starting down push button, a stop switch, necessary time 
element relays and limit switches for slowing down and 
stopping at each end of travel. 


(d) Class 1 and Class 2 hoists sometimes require a 
five-second interval for unloading at the top, and an 
automatic switch connected with a scale beam for start- 
ing the skip at the bottom. Such a hoist will run con- 
tinuously when once started and will automatically dump 
and reverse at the top, and will remain at the bottom ona 
scale beam until a pre-determined weight of material is 
spilled into it, whereupon it automatically is hoisted to 
the top. Such a controller requires a starting up push 
button, a starting down push button, a stop switch, time 
element relay, master switch operated by a scale beam, 
and the necessary limit switches for slowing down and 
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stopping at the end of travel. It is also necessary that 
there be a certain amount of slack rope leading to the 
bottom skip when it first rests on the scale beam at the 
bottom of each shaft—one scale beam starts one of the 
skips up when loaded, and the other scale beam starts 
the other skip up. In addition to this, a time element 
relay might be inserted to hold the motor at standstill not 
only while the scale beam is operating, but for a predeter- 
mined time of about five seconds so as to make sure that 
the top skip has been fully emptied. Such a controller 
would require a starting up push button, a starting down 
push button, a stop switch, two master switches which are 
operated from scale beams, necessary time element relays 
if desired, and limit switches for slowing down and stop- 
ping at each end of travel. 


A necessary part of all of the above control appara- 
tus is that the motor be equipped with a solenoid brake ; 
but under one special condition it is possible to operate 
a skip hoist without a solenoid brake, and this on a Class 
1 hoist, although this is not always to be recommended 
on account of other disadvantages; for instance a brake 
of some kind may be needed when repairs are made. A 
series wound d.c. motor can be used for hoisting, and if 
the hoisting speed is such that the material is fully 
dumped at the time the skip reaches the top of travel, 
the motor can be allowed to reverse immediately and 
descend by dynamic braking, using a normally closed con- 
tactor. Stopping at the bottom can be obtained by de- 
creasing the dynamic braking resistance and then allow- 
ing the skip to settle at very slow speed onto a positive 
foundation at the bottom. When shunt wound direct-cur- 
rent brakes are used, a centrifugal switch or some pro- 
tective relays are needed to prevent the current regen- 
erated by the motor from sustaining the brake in case 
power fails. A sustained brake would allow the motor 
to overspeed. 


STRENGTH OF REFRACTORIES AT HIGH 
TEMPERATURES. 


The arrangement for testing refractory materials 
within a‘furnace at high temperatures which E. Ren 
gade and E. Desvignes described a few weeks ago in 
a paper presented to the Paris Academie (“Comptes 
Rendus,” vol. 119, pages 134 to 137) is that of a ma 
chine for determining a Brinell hardness. Instead of 
the ball of Brinell, however, they use a cone of an 
angle of 90 deg., as introduced by Ludwick. The 
furnace is of the Rosenhain graphite ring type. The 
specimen is roughly made of cylindrical shape, about 
30 mm. in diameter; the shape does not matter pro 
vided the top and bottom are plane. On the top rests 
the cone; it is mounted ina graphite ring so attached 
to a jointed rod that the rod can be withdrawn to take 
Pyrometer observations, and can afterwards be low 
ered on to the specimen and loaded with a weight of 
10 kg. This is done when the temperature inside the 
furnace has become constant; the load is then put on 
for about 10 minutes, after which the temperature is 
redetermined. The curves obtained with different ma- 
terials, high or low in silica or alumina, are regular 
and much of the same type showing that a gradual 
softening sets in, at temperatures which in the cases 
mentioned ranged from 1,150 deg. up to 1,270 deg. C.., 
and which increased as the temperature was raised to 


1,500 deg. C. maximum. 
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Damascene Steel and It’s Origin 


This Steel Is Receiving the Attention of All Those Interested in 
Tool Steels—Experiments on This Steel, Interrupted by the War, 


Now to Be Resumed. 


By COL. N. T. BELAIEW, C. B.* 
PART II 


the Institute in 1918 by the author, he described the 

general properties and structure of damascene steel, 
and pointed out the great claims it had to the attention 
of all interested in tool steel. The object of the present 
paper is to substantiate that statement, more especially 
as regards high-speed steels. In the author’s opinion a 
marked analogy exists in the structure and in some of 
the properties of high-speed and damascene steels, and a 
comparative study of both might therefore prove benefi- 
cial in explaining certain properties and in opening new 
vistas. 

2. Damascene steel belongs to the hypereutectoid 
series of carbon steels. As mentioned in the author’s 
previous paper, the average carbon content of typical 
damascene articles should be about 1.5 per cent. That 
amount of carbon, however, does not exist as such, but 
as a definite chemical compound, Fe,C, or cementite. In- 
troducing the respective weights of iron and carbon: 


( 3 X 56) iron 4+ 12 carbon = 180 Fe,C, 
we arrive at the result, that one part of carbon produces 


I THE first paper on damascene steel’, presented to 


Dp 15 parts of cementite. 1.5 per cent of carbon in 
steel represents, therefore, 22.5 per cent. of cementite, 
which, from the practical point of view, is a very large 
amount. About one-half of this amount (11.5 per cent) 
forms the excess, or free cementite. The other 11 per 
cent of cementite with a corresponding amount of fer- 
rite is used up in building up “pearlite.” 

The free cementite is coarser than the eutectoid 
cementite, its spreoidisation is correspondingly more dif- 
ficult and necessitates repeated hammering and heating. 
The greatest care must be taken to break the large cemen- 
tite needles into smaller particles and afterwards to 
cause their complete spheroidisation. 


The Indian damascene blades, examined in Petrograd 
by the author, showed a perfect balling up, as may be 
seen froms Figs. 3 and 4 (Plates XLII and XLIII) of his 
previous paper. The completeness of the spheroidising 
process may be further illustrated by Fig. 1 (Plate XII), 
which shows at a magnification of 1000 a section of an 
Indian blade, photogaphed in the author’s London labora- 
tory by Captain B. Brandt. The larger particles shown 
in the section are those of ‘‘free’’ cementite, the smaller 
ones are eutectoid cementites, Both groups are thor- 
oughly spheroidised. 

Figs. 1 and 2 (Plates XLI and XLII) of the author’s 
first paper also show what a large amount of mechanical 
treatment (as shown by the macrostructure of the blade) 
was required to attain such complete spheroidisation. 
The macrostructure shows also that the cementite veins 


*Paper presented before the British Iron and Steel Insti- 
tute, September 5-6, 1921. 


* Colonel Belaiew, “Damascene Steel,” Journal of the Iron and 
Steel Institute, 1918, No. I, p. 417. 
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run closed up to the edge, and that therefore the oriental 
maker must have relied most upon securing the best cut- 
ting properties of the cementite particles. 


3. High-speed steel is a tool steel which possesses the 
property of maintaining its hardness at a relatively high 
temperature. This property is secured in a large degree 
by adding tungsten and chromium, usually 16 to 20 per 
cent of the former and from 3 to 5 per cent of the lat- 
ter; the carbon content is generally not over 0.75 per 
cent; up to 1 per cent of vanadium is also added. 


This steel belongs to the cementitic (carbide) series; 
its structure (Fig 1, Plate 1), when annealed, presents a 


Fig. 1—An Indian blade from the author’s collection. Glob- 
ules of spherodized cementite embedded in a sorbitic 
matrix 1000. 


striking similarity to the structure of damascene steel 
(see, for instance, Fig. 336, p. 356, of Sauveur’s “Metal- 
lography”). Spheroidised carbide particles are embedded 
into a sorbitic matrix. To produce “high-speed hard- 
ness” such steel has to be heated to a very high tempera- 
ture, and then quickly cooled. A certain amount of car- 
bide remains undissolved, even after rapid cooling from 
temperatures close to the melting point (see, for instance, 
Figs. 334 and 342 (Yatsevitch) of Sauveur’s ‘“Metal- 
lography”’). There are even indications that a moderate 
amount of free carbide appears to increase the cutting 
properties of the tool. 


The actual makers of high-speed steel, however, em- 


7“The Manufacture of High-Speed Steel in the Electric Fur- 
nace,” by Rog. C. McKenna, President of the Vanadium-Alloy 
Steel Corporation. Transactions of the American Electrochem- 
ical Society, vol. xxxvii, p. 322. 


TT r 
OF CHICAGO 


622 The Blast Furnace Steel Plant 


phasize that the making of the high-speed structure be- 
gins under the hammer; that during this operation “the 
massive carbides and tungstides present in the ingot are 
broken down and uniformly distributed throughout the 
billet" and further, that “to accomplish this the reduc- 
tion in area must be sufficient.” Therefore, ingots are 
first hammered into billets, the billets are again slowly 
heated and then hammered for a second time (“cogged”’ ) 
—all this “mechanical treatment” by properly breaking 
and evenly distributing the carbides (and tungstides) 
throughout the steel. 

4. If we proceed now to compare not only the photo- 
micrographs, but also the two processes—the “high-speed 
hardness” and the ‘damascene’ process, we see how 
similar they are. | 


Both start with a cementitic steel; both require the 
greatest care in breaking and evenly distributing the car- 
bides under the hammer; in both cases the amount of 
mechanical work spent on a given article is very large, 
but however large it is considered indispensable before a 
suitable heat treatment may be effected. In both cases 
the structure of carbides is spherolitic, whilst the matrix, 
after the heat treatment, 1s martensitic. In both cases 
also the cutting propertics of the edge are related not 
only to the matrix, but to the carbides as well. The 
author is even inclined to think that ‘the properties and 
the distribution of the carbides play a more considerable 
rol ethan the matrix. On this ground may be explained 
the reason why, on the one hand,, such diversities of 
opinion exist as to the structure of the matrix in high- 
speed steels, whilst, on the other, neither the old eastern 
makers nor Anossow seemed to attach any real import- 
ance to the tempering of damascene steel. The author’s 
studies in this field have led him to the belief that whilst 
being very strict as regards the hammering temperatures, 
nobody who has really busied himself with damascene 
steel cared much as to its subsequent heat treatments. 


5. There are a few conclusions which can be drawn 
from these preliminary remarks: 


First, there is the question of spheroidisation of the 
carbides. In damascene steel the degree of spheroidisa- 
tion is always very high. That spheroidisation, however, 
was-not an end in itself for the ancient maker, but was 
attained, so to say, incidentally during the numerous cau- 
tious forgings and heatings, when the greatest ductility 
was sought and obtained. 


In high-speed steels that spheroidisation is also at- 
tained, but it seems to the author that insufficient stress 
has been laid on that point, either by the high-speed steel 
maker, or user. He believes that a scientific application 
of the spheroidising process would help to improve the 
qualities of high-speed steel. He thinks, further, that an- 
other inference from the damascene process might be 
drawn, namely, the proper study of the macrostructure. 
An oriental maker would never manufacture a steel arti- 
cle without having satisfied himself, by studying the 
watering, that the distribution of the carbides is the best 
possible and quite in accordance with the shape and prop- 
erties of the article. Neither would he find a buyer 
ready to accept a sword or tool without a proper “metal- 
lographic” examination of it as a whole (towards that 
end the splendid oriental watering lent itself so well). 
The author therefore believes that a proper examination 
of the “watering” of high-speed steel, either in billets or 
in the finished article, will prove useful. 


As to the damascene steels, whilst not ready to place 
them in the category of high-speed steels, the author is, 
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however, inclined to think that a certain “high-speed 
harness” which he noticed during his experiments on 
damascene steel (interrupted by the war) might not prove 
quite accidental, but useful for further investigation. 


TORONTO PLANT NOW COMPLETED. 


The Toronto plant of the Follansbee Brothers Sheet 
and Tin Plate Company which is now almost ready 
for operation, stands unchallenged the last word in 
the steel industry; the colest, best equipped and most 
convenient and systematically arranged plant of its 
kind in the world. 


Cost About $5,000,000. 


Stretching for a quarter of a mile along the river, 
the new plant gives a splendid impression. The big 
plant is modern in every respect and with its great 
power plant with three stacks each towering 175 feet 
in height, and with all shops and other separate build- 
ings of light brick, the mill gives to the outsider an 
impression of progressiveness on the part of the oper- 
ators. 


Open Coal Mines. 


When the company started building its new plant 
the securing of fuel and electric current was considered 
an outside matter. With coal lands in the vicinity 
and a great power company opcrating in the district 
it was not then indicated that the company would be 
independent of such services. However in the past 
year and a half a coal mine has been developed and a 
power plant second to none in the state of Ohio erected 
on the river’s edge. 


Coal is then automatically brought to the entrance 
of the mill where it is in turn powdered. It is then 
used for feeding eight Hughes automatic gas pro- 
ducers. Each producer consumes four tons of coal 
per hour. 


The Power House. 

The gigantic power house has a capacity of 7,500 
kw. There are three batteries of two boilers each 
having 3,600 hp. All boilers are equipped with West- 
inghouse stokers, forced draft soot blowers and auto 
matic skip hoists for ashes and soot. 


Open Hearth. 


Modern open hearths have been built in addition 
to the complete bar mill practically equipped. The 
bar mill is similar to the one which the Company now 
operates at l‘ollansbee. There are ten hot mills. The 
sheet mills are larger than those at Follansbee. Four 
being 50”, three 44” and three 40”. 


New Annealing Process. 


Among the features of the Toronto plant is the an 
nealing equipment. There are two big Dressler kilns 
working a continuous process of annealing. One kiln 
is 350 feet in length and the other 320 feet. This 
represents the most modern annealing plant known to 
the steel world. In addition to this equipment there 
is a carpenter shop, store room, and other essential 
buildings. 

When completed and working in full capacity, the 
plant will employ about one thousand workmen. It 
is the intention of the company to start operations 
about October Ist. 
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Boiler Water Treatment Plants 
The Various Methods in Use for Treating Bad Water—This Is 


Accomplished by Chemical Means, Mechanical Means or by 
Thermal Treatment. 


By ROBERT JUNE, M. E. 
PART II. 


the various impurities in boiler feed water, and the 

operating troubles resulting from them. We have now 
to consider the various methods in use of treating bad 
water. 

According to our previous outline, the neutralization 
or elimination of impurities in feed water may be effected 
by one or more of the following methods: 


|: OUR preceding article we dealt with the nature of 


I—By chemical means. 
(a) Boiler compounds. 
(b) Water softening plants. 


II—By mechanical means. 
(a) Tube cleaners. 
(b) Blow off. 
(c) Filter plants. 
III—By thermal treatment. 
(a) Feed water heaters. 
(b) Distillation plants. 


Boiler Compounds. 

There are a number of boiler compounds in use, but 
the base of most of these is carbonate of soda, to which 
caustic soda is sometimes added and occasionally phos- 
phate of soda. In addition materials containing tannin 
and starch are frequently added, with the object of coat- 
ing the particles of precipitated matter so as to prevent 
their corrosion. 


The use of boiler compounds is sometimes con- 
demned as thoroughly bad practice, the following conten- 
tions being made: That mechanical difficulties prevent 
the maintenance of a proper ratio between the amount of 
compound used and the volume of water; that it is very 
difficult to control the treatment to take care of the 
changing analysis of the water; that adequate boiler com- 
pound treatment is very expensive ; that compounds neces- 
sitate frequently blowing down the boiler to prevent an 
accumulation of sludge and sodium salts, which cause 
foaming, and that, moreover, blowing down must fre- 
quently be supplemented by washing out and occasionally 
cutting out the boiler completely to remove foreign 
matter. 

Despite these criticisms, boiler compounds still find 
favor with many practical men, particularly. in small 
boiler plants. When it comes to compounds, a great deal 
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of care and attention must be paid to their selection and 
use. A great deal depends upon the attitude of the com- 
pound manufacturer. If he is willing to sit down and 
thresh out your problem with you, you may receive satis- 
factory service at a cost that is not prohibitive. 


It is all’ simply a matter of relation of costs to the 
results obtained. While there are some compounds on 
the market which are worthless, and some manufacturers 
who offer cure-alls and do not give satisfactory service, 
there are other compounds which are reasonably satisfac- 
tory and do not involve a large plant investment. Though 
the weight of evidence is very much against the indis- 
criminate use of compounds, the fact remains that they 
are in satisfactory use in many small plants. 


Graphite. 

Graphite has no retarding influence on the formation 
of scale, but it tends to prevent the scale from adhering 
firmly to the metal. The particles of graphite simply 
work through the minute fissures existing in the old scale 
and gradually penetrate between the scale and the metal. 
The scale thus loosened may be knocked off or removed 
with regular cleaning tools with little trouble. 


Before starting the use of graphite, the boiler must 
first be thoroughly turbined. Once removed, the scale 
will not adhere firmly to the metal again as long as the 
gaphite treatment is continued. The graphite also be- 
comes intermixed with new scale as it forms, rendering it 
soft and friable. With graphite, as with boiler com- 
pounds, any boiler using bad water should be blown 
down a gauge or two every few hours to remove sludge. 


Kerosene. 

Good results in softening scale are sometimes secured 
through the use of kerosene and other refined petroleum 
oils. This treatment changes the deposits of lime from 
a hard scale to a friable material which may be easily 
removed. If the treatment is to be effective, kerosene 
should be introduced after the boiler is emptied and 
washed, and the refilling should be effected from the bot- 
tom. If kerosene is fed into the boiler with the feed it 
may form a non-conducting film over the heating surface. 
Zinc. = 

While zinc is often introduced into boilers to prevent 


corrosion and scale formation, it does not as a matter of 
fact always accomplish this purpose, and it may even 
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aggravate the trouble. The action of zinc is electrolytic, 
the theory being that a continuous flow of hydrogen is 
generated over the whole extent of the wet surface of 
the boiler. It is supposed that the continuous formation 
of the bubbles of hydrogen insulates the surface of the 
metal from the scale forming substances. If there is a 
little of the scale forming element it is precipitated and 
reduced to mud; if there is considerable, a formed scale 
is produced which, however, does not adhere tightly to 
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sion. Frequent blowing off is at all times necessary with 
consequent heat losses, and as the accumulation of sludge 
can never be entirely removed while blowing off, so that 
the boiler is frequently cut in for washing. This puts the 
boiler out of commission and entails a loss on the in- 
vestment in the boiler whenever an extra steam genera- 
tor must be provided to take the place of those cut out 
for washing. Frequent cutting in and out of the boiler 
itself is an expensive operation. Taking everything into 
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Fig. 1—The Scaife System. 


the surface of the metal and is consequently readily 
removed. 


The zinc is introduced in the boiler where it is sus- 
pended in the water in the shape of blocks, slabs or shav- 
ings, in a perforated container. In marine practice, where 
zinc 1s in much greater use than in stationary boilers, it 
is usual to find zinc slabs 12”x6”x1™%4” in use. One 
square inch of zinc surface is ordinarily supposed to be 
sufficient for 50 lbs. of water in the boiler, although as 
a matter of fact the quantity of zinc used should be in 
proportion to the hardness of the water. The British 
admiralty, who are advocates of zinc, recommend renew- 
ing of the slabs when their disintegration reaches a 
depth of 1%”. 


Boiler Metal Treatment. 


A treatment which has in recent years come into quite 
wide use consists in the application of Perolin. This is 
a blue viscous non-volatile mineral liquid, which posses- 
ses the characteristic of an exceedingly high coefficient 
of expansion. The liquid is injected into the boiler in 
small daily doses. It penetrates the pores and crevices 
in the scale and comes into direct contact with the metal, 
where, like graphite, it works its way along the steel, 
eventually forming an insulating coating between the 
scale and the tubes. The high coefficient of expansion 
tends, whenever the boiler is cut in, to loosen any scale 
which has formed. 


Advantages and Disadvantages of Compounds 
and Metal Treatment. 


Compounds and metal treatment of the various sorts 
described above possess the advantage of not requiring 
an initial plant investment and of lending themselves very 
readily to experimentation. In case a given compound 
or treatment does not work, it may be modified, or an- 
other treatment may be tried. The operating costs are 
also less per gallon of water treated than where special 
treatment is installed. 


The serious disadvantages of compounds and metal 
treatment are that under favorable conditions all that the 
most effective of these methods can do is to change the 
nature of the scale forming materal from one which will 
be precipitated to one which will be carried in suspen- 
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consideration, compounds and metal treatment are to be 
recommended for use primarily in small plants. In large 
plants, and in particular where steam must be continu- 
ously generated, we must turn to a method of treating 
the water before it enters the boiler. 


Water Softening and Purifying Plants. 


The treatment of water outside of the boiler through 
the medium of water softening plants is accomplished by 
either one of two processes, known as the intermittent 
and the continuous. 


Cold process plants are used primarily where water is 
required in very large quantities. Hot process plants 
are commonly used where exhaust steam is available for 
heating the water. 


With the continuous system, the water to be treated 
flows to the softener in a continuous stream, while with 
the intermittent system it is treated in batches. Success- 
ful treatment in either case requires the proper propor- 
tioning of water and chemicals, thorough mixing and agi- 
tation, and the allowance of sufficient time for the re- 
action to take place so that all of the sludge may be 
removed from the water. 


Lime and soda are the principal ingredients used in 
these processes, where sulphates of lime and magnesia 
are contained in the water, together with such quantities 
of carbonic acid or bicarbonate present as to impair the 
action of the soda. This is quite a common condition. 
The sulphates of lime and magnesia are broken down by 
the soda, and as much lime is added as is required to take 
up the carbonic acid not absorbed in the soda reaction. 


Before dealing with the apparatus, it may be well to 
describe simply the chemical tests of the treated water 
which will enable us to interpret intelligently the results 
being obtained. Alkalinity, hardness and causticity, 
should, when the water is properly treated, be in the ap- 
proximate relation of six, five and four. The use of too 
much lime will result in causticity being nearly equal to 
alkalinity. The use of too little lime will result in a 
causticity amounting to only about half the alkalinity. 
If too much soda is used, hardness, which should not be 
more than two points less than alkalinity, will be de- 
creased below this amount, and the alkalinity correspond- 
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ingly increased. Too little soda means an increase in 
hardness and a decrease in alkalinity. The tests are as 
follows: 


Alkalinity—Provide a standard solution of sulphuric 
acid. Put sufficient methyl orange in 50 cc. of the water 
being tested to color-it. Measure out a quantity of the 
acid solution and put it in a drop at a time. As the acid 
solution is added the mixture will begin to turn red. 
Shake the mixture and the redness will tend to disap- 
pear. Put in more acid and continue to shake. As the 
critical point is approached the red will disappear more 
slowly. 1/10 cc. of the acid solution is equivalent to one 
degree of alkalinity. 

Causticity—Use the same standard solution of sul- 
phuric acid. To 50 cc. of the treated water add one drop 
of phenolphthalein dissolved in alcohol. This is to give 


Fig. 2—The We-Fu-Go System. 


the water a pinkish color. Put ina drop at a time of the 
acid solution, shaking after each addition. ‘The critical 
point is reached when the color entirely disappears. 
1/10 ce. of acid solution is equivalent to one degree of 
causticity. 

Hardness—Procure a standard soap solution. ‘To 100 
cc. of the water to be treated, add 1 cc. of the soap solu- 
tion, and shake thoroughly. If the soap bubbles disap- 
pear, add another cc. of the soap solufion. Enough of 
the soap solution must be added to make a permanent 
lather or foam from which the soap bubbles will not dis- 
appear after the shaking is discontinued. 


To determine the excess of lime, add a small amount 
of silver nitrate to the treated water. If a milky white 
solution is formed the lime is not in excess. If the mix- 
ture turns brown there ts too much lime 


The Scaife System. 

In the Scaife system, which is a continuous one, the 
feed water first enters the heater, where it is brought 
to a temperature of 200 to 210 deg. F. As a portion of 
the CO, is driven off by the heat, carbonates of lime and 
magnesium are precipitated and deposited in removable 
pans inside the heater. 


The system consists of a number of precipitating 
tanks with one or more pressure filters, all built to oper- 
ate under the boiler pressure, and the necessary solution 
tanks, pumps and controlling devices. The precipitating 
tanks may be either horizontal or vertical, depending upon 
the space available. The solution tanks hold sufficient 
quantity of chenricals to operate the plant from eight to 
twelve hours. The small pumps deliver this solution to 
the precipitating tanks, which are so constructed that 
the water is kept constantly moving and the chemicals 
are intimately and thoroughly mixed. In this manner 
acids are neutralized and the scale forming substances 
are changed to insolubles which sink in the form of heavy 
precipitates to the bottom of the tank, whence they are 
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readily removed. From the precipitating tanks the mix- 
ture moves to the filters, where the lighter substances in 
suspension are effectively removed. 


We-Fu-Go System. 


The We-Fu-Go is an intermittent process. The sys- 
tem consists essentially of one or more solution tanks 
from which the chemicals are taken, and one or more 
settling tanks into which the water to be treated and 
the chemicals are introduced, and of one or more filters. 
A thorough mixture of the chemicals and the water in 
the settling tanks is effected by the use of mechanically 
operated paddles located near the bottom of the tank. 
The softened water is taken out of the tank by means of 
a hinged fioating outlet pipe, arranged to rise and fall 
with the level of the water, so that the water is always 
drawn from the top, where there is the least amount of 
sludge. From the settling tanks the water flows by 
gravity into the filters, which remove all remaining solid 
matter which has not dropped to the bottom of the set- 
tling tank. 

From the filter the purified water again flows by 
gravity into the clear water storage reservoir from which 
it is pumped to the open heater and thence to the boiler. 
As a general rule duplicate systems are employed, so 
that while one tank is being treated and settled, the other 
is supplying finished water. 

It should be understood, of course, that the above 
descriptions of the Scaife and We-Fu-Go systems are 
general in nature, as modifications of both of these sys- 
tems are often made to meet special conditions. 


Our next article will deal with the operation and main- 
tenance of the water softening plants described in this 
article and we will also take up in detail the design, con- 
struction and operation of Zeolite plants. 


DEVELOPMENT IN INDUSTRIAL 
EDUCATION. 


Although hundreds of industries have experimented 
with various plans for training their employes, it has 
remained for the Pennsylvania State College to work 
out a plan which appears nearer to the ideal than 
anything yet attempted. The methods adopted by 
this institution have long since passed the experimental 
stage and are in operation in a large number of plants 
in Pennsylvania where it has been demonstrated that 
an efficiency far beyond that of ordinary class instruc- 
tion can be obtained. 


For ten years a staff of highly trained men in in- 
dustrial education has been maintained at State Col- 
lege, and large sums of money have been spent in 
studying methods of conducting apprentice schools 
and night classes in the industries. ‘This staff, known 
as the Engineering Extension Division of the College, 
has personally organized and operated hundreds of 
classes in some of the best known plants in Pennsyl- 
vania, among them being manufacturers of iron and 
steel, electrical equipment, machines and tools, auto- 
mobile parts, textiles, and others common to the State. 
IXach such enterprise was accompanied by an intensive 
study as to the characteristics which entered into its 
success or failure. The natural result has been that 
improved methods were continually adopted until it 
can now be practically assured that a company can 
inaugurate a general training policy with far more 
success than is generally believed possible. 
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OUTLINE OF A PRACTICAL COURSE IN 
STEEL-MAKING. 
By P. S. Younc 
In every plant producing steel products there is present 

a number of employes which, when properly trained and 
experienced, will become rare executives in their depart- 
ments. Also, having had practically no experience in other 
departments of the mill, most of these men will be narrow 
in their views of other departments of the plant. Now, in 
spite of this the time will come when these men are in line 
for promotion to a higher executive position. and the posi- 
tion will have to accept them just as they will have to accept 
the position. The longer their work has lain in one depart- 
ment, the harder it will be to adjust them to the higher 
position requiring them, and the more the position will 
shrink: to fit them. 


Such being the case, if a selection from this latent ability 
were to be made, and the selected men thoroughly coached 
in the various departments, each when placed in a depart- 
ment would have a broader scope of the needs of the other 
branches of the mill, realizing the relationships of the other 
departments to their own, what they bless and what they 
curse, step by step in the unfinished products. 


They are far more fit for departmental control and better 
equipped to handle a number of departments. No friend- 
ships or executive meetings among the department heads 
breaks down the loyalty of a man for his department or his 
prejudices established on his own troubles. One must have 
worked in a blast furnace plant to appreciate “cold cores” 
in an open hearth to understand the trouble with a bad 
“sticker,” in a blooming mill to find sympathy for “green” 
steel or “washed,” in a rod mill to understand “cross-rolled” 
and “finned” product, or in an electrical department to sym- 
pathize with an industrious craneman whose crane has con- 
trollor trouble or burns up an armature at the busiest 
moment. 

Now say that this latent ability could be selected at an 
early stage of its career, and others could be brought into 
the mill fresh from some good technical school, would these 
men develop with proper training into the class of ability 
required? There can be but one answer, which is “yes” 
provided: 

First—The selection is careful, combining good technical 
education with willingness and ability to work. 

Second—The training is actual work and _ experience 
covering the essential details of each department. 

Third—Proper supervision by the then department head. 


Fourth—A contract between the student and the com- 
pany that he will be taken care of until placed, if he finishes 
his course successfully; and that he, the student, will give 
the company a certain period to be agrecd upon at the time 
of taking up the course for them to place him. 

Item 1. Careful selection. 

a. Technical education with good grades in chemistry. 
physics and higher mathematics. 

b. Graduated at least one year. This is to take away 
any chance of his following theoretical instead of practical 
phases of the work on the course. . 

c. A thorough physical examination to show if the man 
is fit and sturdy enough for the work which he will have 
to do. . 

d. If brought in from outside the plant, one month of 
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work at labor in various parts of the plant to see how easily 
he is disheartened, and with a written report at the end of 
that time describing the jobs he has been covering. This 
report should show his ability in reconstructing difficulties 
under which he has worked, any better way he could show 
of doing the work, and testing his memory. 


N. B.—During this month the applicants may be kept in 
a gang or worked singly at labor rate, the first two days 
for six hours, the next two for seven hours, until they are 
working ten hours daily. If in a gang, they may sometimes 
be put in an awkward formation to pass brick, or to unload 
a car, to see how quickly they grasp the fundamentals of 
vang labor. 


e. At the end of this time another physical examination 
should be made to determine how they have been affected 
by the work. 

f. The pay for the whole course should be extremely 
low, but should be raised a few dollars at the end of each 
six months. Hven with low pay and no advertising, there 
will be no lack of material. In fact, you will be surprised 
at the amount of elimination necessary, and the man who 
is willing to take this two and a half year course at a bare 
living wage is more in earnest about his future than another 
man would be. | 

vy. Two is the proper number to enter one class of the 
course. There should not be more than four, and with two 
there 1s a strong spirit of competition. It is also friendly 
competition which only two can have. If three or four are 
in the same class, there is always one who may be the equal 
or better of the others, but who finds himself standing alone 
and does not get the codperation of the others in the class. 
It is also easicr to handle the work of two than of a greater 
number. : 

The students are now selected and the course proper 
begins. 

Items 2 and 3. Training in actual work under the proper 
supervision. 

The men should start at the lowest jobs in each depart- 
ment and work at each job for a sufficient time to learn 
the details of the work. They should do the actual work 
taking notes of all intricacies of the work. They should 
work part of the time (a small part) on night turn. They 
should be in the department office for one hour each morn- 
ing, undisturbed, in which time they should study text books 
on their work and make permanent record of their notes 
of the day before. At unexpected times the department 
superintendent or assistant superintendent should give them 
written examinations on the parts of their work covered to 
date. Their study should be together, but their examinations 
should be written by them without aid of each other. They 
should see their papers and marks. 


At the end of their courses in each department, they 
should write long theses of their course describing machines, 
phases of manufacture, difficulties in operation, both me- 
chanical and chemical, and a general survey of their work. 
Tt has been found hetter in some plants to have the two 
men work together on these papers, though they should be 
different enough to show individual thought. No extracts 
from text books should be used in compiling these papers. 
as the idea is for the student to get the whole working for. 
Himself. . 

(Continued in November issue.) 
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NEW TYPE OF BELT DRIVEN AIR COMPRESSORS 


The Ingersoll-Rand Company, 11 Broadway, New York, 
has announced a new line of belt driven air compressors. 
This type is known as the “Imperial” Type “XCB” and has 
incorporated in it several noteworthy features of construc- 
tion, including Ingersoll-Rand plate valves, for both the air 
intake and discharge, and the 5-step Clearance Control for 
regulating the compressor’s output. 

The plate valves used in this type of compressor have 
been perfected after a most complete analysis of the light- 
weight plate type of valve. They include the features which 
have been proven necessary to the successful functioning of 
this type of valve, the most important of these being, that 
the valve is supported throughout its entire operation in per- 
fect alignment without any form of wearing guide—a very 
essential feature in the life of the valve. 


The Clearance Control has been used with great success 
on the larger direct-connected electric motor driven com- 
pressors manufactured by the same Company and has proven 
itself to be the most satisfactory and eflicient form of com- 
pressor regulation. Thousands of these direct-connected air 
compressors are installed in all parts of the world and are 
well-known by those in charge of plants where conditions 
call for more than 600 cubic feet of free air per minute and 
where direct-connected electric motor drive is used. The 
use of this form of regulation is a most nuteworthy develop- 
ment in air compressor design during recent years and should 
be of interest to all users of air power. 


The Clearance Control is a method of securing extremely 
eficient operation at partial loads. Under average working 
conditions it is a well-known fact that the demand for air 
is seldom steady throughout the working day and for this 
reason the performance of the compressor at undcrload is of 
primary importance. 

With the Clearance Control the compressor is automatic- 
ally loaded or unloaded in five successive steps, these steps 
being obtained by the reduction or addition of Clearance 
space to the air cylinders. ‘The compressor will operate at 
full, 34, 1%, % and no loads and the design of the Clear- 
ance Control is such as to secure efficient operation at any 
one step the reduction in input power required being prac- 
tically in proportion to the reduction in output capacity. 


The entire Control is automatic. If the compressor is 
operating at full load and the demand for air falls off this 
Control automatically causes the compressor to operate at 
one of the underload points such as 34, 13, 14, or no load. 
When the demand for air is increased the compressor auto- 
matically assumes the load in successive steps. 


An extremely valuable feature of the Clearance Control 
is the fact that the Clearance Pockets are made integral parts 
of the compressor cylinder and the entire regulation is ob- 
tained by the control of the volume of air taken in and com- 
pressed. 


With this method of control there is no loss of power due 
to wastage of air and leakage. The Clearance Pockets in 
the cylinder are automatically thrown in communication with 
the ends of each cylinder in proper succession, the process 
being controlled by a predetermined variation in receiver 
Pressure. With the compressor operating at partial capacity 
a portion of the air is compressed into an added clearance 
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space instead of passing through the discharge valves. On 
the return stroke this air expands giving up its stored energy 
to the pistons. 


The inlet valves remain closed until the cylinder pres- 
sure equals the intake pressure. At this point the inlet 
valves are opened automatically and free air is taken into 
the cylinder for the remainder of the return stroke. Thus 
the inlet capacity 1s reduced without reducing the intake 
pressure. On a two-stage compressor clearance space in 
proper proportion is added simultaneously for both high and 
low cylinders yziving a constant ratio of compression and 
maintaining conditions necessary for the highest compres- 
sion efficiency throughout the entire load range. 


Another added fature of this control is the maximum de- 
mand stop which will prevent the compressor being 
operated at any higher maximum load than 1s desired. This 
can be adjusted so that the compressor will operate on a 
maximum of 14, 14, 34, or full load and, under conditions 
where the load factor is comparatively low, it 1s of value in 
reducing the maximum demand, permitting a saving in the 
purchase of electric power—a feature found in no other type 
of control. 


With the Clearance Control reduction in power required 
will be in proportion to reduction in output capacity. All 
the mechanism for regulating the compressor is independent. 
of the compressor running gear. The loading and unload- 
ing of the compressor is automatically accomplished in steps, 
the difference between any two steps being small enough to 
prevent any undue electric current fluctuation . 


It will be seen that all of these features are of extreme 
importance the combination producing conditions requisite 
for the most efficient opration at full and partial loads. 


This new type of belt driven compressor equipped with 
Clearance Control can be furnished single-stage for low 
pressures and two-stage for higher discharge pressure. The 
piston displacement capacity for 100 pounds discharge pres- 
sure ranges from 610 to 1505 cubic feet of free air per minute. 


QUICK MAKE AND BREAK SAFETY STARTING 
SWITCHES 


To withstand the most severe service in industrial plants, 
the Westinghouse Electric & Manufacturing Company, East 
Pittsburgh, Pa., is manufacturing a switch of very rugeed 
construction with quick make and quick break action. 


The quick make and quick break mechanism which oper- 
ates the switch blade is enclosed in an external cast-iron 
hub or housing integral with the operating handle. This 
complete mechanism can be removed and replaced without 
disturbing the enclosed switch. 


Over the fuse compartment ts provided a door. The door 
is so interlocked that it can be opened only when the switch 
is in the “off? position, at which time all accessible current 
carrying parts are dead. This door may also be locked so 
that only authorized persons have access to the fuses. An 
outer door provided with means for sealing or padlocking 
opens over the whole front of the switch cabinet, making it 
possible to inspect the switch while in operation or to make 
motor-load test connections without stopping the motor. 
A three-hole bracket on the side of the cabinet permits the 
switch to be locked independently by three individuals. 
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The Norton Iron Works, Ashland, Ky., 1s completing plans 
for the erection of a new two-story plant addition, 150x200 feet, 
steel and reinforced concrete, to be equipped for general produc- 
tion. Construction will be commenced at an early date; it 1s 
estmiated to cost close to $50.000. 


The Delaney Forge & Tron Corporation, 300 Perry street, 
Buffalo, N. Y., is planning for the early rebuilding of the por- 
tion of its plant destroyed by fire, August 29. with loss estimated 
at close to $250,000, including buildings and, equipment. The 
structures destroyed include a number of shops and power plant. 


The John Swane Arch Iron Works, Inc. Cypress street. 
Springfield, Mass., has awarded a building contract to A. M. 
Kramer, Springfield, for a new shop addition for increased pro- 
duction. The structure will be one and two-story, 32x66 feet, and 
equipped for general iron working. Construction will be com- 
menced at once. 


The Follansbee Brothers Company, Pittsburgh, Pa., is plan- 
ning to inaugurate operations at its new plant at Toronto, Ont., 
now in course of construction, early in October. Erection work 
is being rushed to completion and double crews of workmen are 
being employed for machinery ani equipment installation. The 
new plant will be run in conjunction with the other works of 
the company. 


The Wycko#t Drawn Stcel Company, Frick Building. Pitts- 
burgh, Pa., has plans urder way for the early erection of a new 
plant at Wyckoff, near Ambridge, Pa.; the structure will be one- 
story, about 60x250 feet and estimated to cost close to $73,000. 
Willian C. Undercoffler is engineer for the company. 


The Lehigh Structural Steel Company, Allentown, Pa., has 
preliminary plans under way for the erection of additions to its 
plant for increased production. It is proposed to construct a 
number of works buildings for general production as well as 
other iron-working, including repair service. 


The Vulcan Iron Works, Hudson and Essex streets, Jersey 
City, N. J.. operating a marine engineering works, is planning 
for the rebuilding of a portion of its plant recently destroyed 
by fire, with loss esti nated at about $250,000, including machinery 
and equipment. Six structures at the works were destroyed. 
Arthur J. Grymes is president. 


The International Steel Tie Company, 16702 Waterloo road, 
Cleveland, Ohio, is planning for the erection of a 12w ypiant on 
Waterloo road, for the manufacture of steel ties for railroad 
service and other steel products. The structure will be one-story. 
40x120 feet, and is estimated to cost about S45.000. WC. Mahon 
is secretary. 

After a considerable period of inactivity, a number of steel 
and iron plants at Buffalo, N. Y., are resuming production, with 
indications of early resumption of close to normal manufacture. 
The Lackawanna Stezl] Company has added a Jarge nuriber of 
employes to its working force, including a number of former 
workmen, and is now operating nine of its rollirg mills. The 
company recently has arranged plans for the direct sale of pig 
iron, and is said to have secured orders for close to 50,000 tons 
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for early delivery. The Wickwire Steel Company has placed a 
number of additional mills in service, with increased working 
force. The Seneca Iron & Steel Company, with plant at Blas-. 
dell, near Buffalo, is again in operation, after a shut-down of a 
number of months. The limestone plant of the Wickwire Lime- 
stone Company, a subsidiary of the Wickwire Steel Company, 
located at Lockport, N. Y., is in operation; the power house at 
this plant was recently destroved by fire, with loss estimated 
at close to $30,000, and will be rebuilt at an early date. 


The Hercules Steel Post Company, care of G. J. Pammel, 
secretary of the Chamber of Commerce, Niles, Mich., local rep- 
resentative, has plans nearing completion for the erection of a 
new steel plant on local site for the manufacture of steel products. 
It will be one-story, 50x250 feet, and is estimated to cost close 
to $40,000. 


The American Mangancse Steel Company, New Castle, Del., 
is planning for the rebuilding of a portion of its local plant, 
destroyed by fire recently, with loss estimated in excess of C2). - 
00, including machinery and equipment. - 


The Hlinois Steel Company is now giving employment to 
about &00 men at its Bay View mills, Milwaukee, Wis., and 
operations are being increased at the works. The working force 
is now about 65 per cent of normal. Four rolling mills and a 
number of subsidiary works buildings are in service. 


The Union Steel Castings Company, Sixty-second and Butler 
streets, Pittsburgh, Pa., has commenced the erection of a new 
one-story plant addition for increased production. 


The United Engineering & Foundry Company, Pittsburgh, 
Pa., is maintaining active operation at its steel works and rolling 
mills at Youngstown, Ohio. The company has been making large 
shipments, aggregating close to 10,000 tons of material, to Eng- 
land, France and other foreign points. It is said that orders on 
hand insure production for some months to come. 


The FE. P. Bailey Steel Company, Nitro, W. Va., has com- 
menced the construction of a new local plant, comprising a main 
one-story building. 75x400 feet, with a number of smaller struc- 
tures, estimated to cost in excess of $135,000, including ma- 
chinery and equipment. 


The Trumbull Steel Company, Warren, Ohio, has preliminary 
plans under consideration for a new byproduct coke works at 
its mills in the vicinity of Youngstown, Ohio. The company has 
recently completed the construction of a new 600-ton blast fur- 
nace at this location and plans to blow the unit in during the 
fall. The furnace will be utilized for the supply of iron to the 
company’s open-hearth furnaces across the Mahoning river. 


The A. M. Byers Company, Pittsburgh, Pa., has improve- 
ment work under way at its Mattie blast furnace at Girard, Ohio. 
The work will comprise general over-hauling. repairing and cer- 
tain remodeling, preparatory to placing the unit in service. It is 
said that the plant will be blown in during the fall. The com- 
pany is operating 22 puddle furnaces at its No. 1 mill at. this 
plant, and one of its bar mills. 
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George P. Hansen has been appointed superintendent of 
blast furnaces for the American Rolling Mill Co. at Colum- 


bus, Ohio. Mr. Hansen was formerly in charge of blast 
furnaces for the Republic Iron & Steel Company, Youngs- 
town, Ohio. fg 


J. C. Ward of Sheffheld, England, is in the United States 
on business. Mr. Ward is president of the Edgar Allen 
Steel Co., Inc., Chicago, and is also managing director of 
Edgar Allen & Co., which operates the Imperial Steel Works 
at Sheffield. Se Sp 


Norman Allderdice recently became sales manager for 
the Pittsburgh and Cleveland districts of Manning, Maxwell 
& Moore, Inc., succeeding Robert A. Bole, who died about 
four months ago. Mr. Allderdice was formerly in charge of 
the open-hearth department of the Lorain, Ohio, plant of 
the National Tube Company, and under his management the 
open-hearth department made a splendid record. He carries 
with him to his new position a knowledge of steel plant 
machinery and equipment. He is the son of Taylor Allder- 
dice, vice-president National Tube Company. His _ head- 
quarters will ‘be maintained at 1005 Park Building, Pitts- 
burgh, Pa. 

Vev 


W.C. Dennis, Birmingham, Ala., after completing a three- 
year contract in the general construction of a large steel 
works at Jamshedpur, India, has returned to that city. Tem- 
pleton Tutwiler, Birmingham, is general manager of the 
works. The Tata Iron & Steel Co. owns the plant. 

Vv 


Chairman Elbert H. Gary of the United States Steel 
Corporation left September 7 for Mexico. It is understood 
that the journey will not be in connection with business pur- 
poses. Judge Gary is expected to be back in New York in 
about four or five weeks. . 

Vy 


F. W. Gray was recently appointed assistant to D. H. 
McDougall, vice president of the British Empire Steel Corpo- 
ration. Mr. Gray was formerly editor of the Canadian Mining 
Journal. Mr. Gray went from England to Canada in 1904 
m the service of the Dominion Coal Company, . remaining 
with it as confidential assistant to several general managers, 
and was afterwards assistant to the president of the Nova 
Scotia Steel & Coal Company for a year. , 

Vev 


J. A. Durfee, since March Ist, 1920, works manager of the 
Page Steel '& Wire Plant of the American Chain Company, 
Monessen, Pa., has resigned his position. A notable fare- 
well dinner was tendered Mr. Durfee, September 10, by the 
forty or more superintendents and foremen of the Page 
Works at which time he was presented with a handsome 
smoking set in token of the esteem in which he was held. 


Digitized by CGoc gle 


Before actively engaging in business again, Mr. Durfee will 
take a vacation at his country home near Cleveland. 


Vev 


A. Clark Moore has resigned as assistant to the president 
of the Globe Seamless Steel Tube Co., Chicago, with which 
he has been connected since November, 1919. 


Vev 


D. D. Lewis has been appointed general manager of the 
Carroll Foundry & Machine Tool Company, Bucyrus, Ohio. 
Mr. Lewis began his career in Johnstown, Pa. He grew 
wp in the steel industry and became identified in the building 
of blast furnaces and rolling mills. He served as general 
manager of the Southwark Foundry & Machine Co., Phila- 
delphia; was general manager of the Buckeye Engine Coin- 
pany, Salem, Ohio, and prior to that time was identified with 
the Cambria Steel Company, Johnstown, Pa. He had been 
employed by the Jones & Laughlin Steel Company, Pitts- 
burgh. Mr. Lewis was affiliated with the late Tom L. John- 
son, when he built the Johnson Steel Mill at Lorain, Ohio. 
In addition to the Johnson Company’s plant, Mr. ‘Lewis at 
one time also was manager of the Algoma Steel Company, 
Sault Ste. Marie, Ont. 

Vev 


Harold W. Abbott has resigned as technical supervisor at 
the Massena plant of the Aluminum Company of America, to 
accept a similar position with the Stackpole Carbon Com- 
pany, St. Marys, Pa. ae 


Dr. F. G. Cottrell, head of the chemical activities of the 
National Research Council, will sail from France on Oc- 
tober 11th on his return to the United States. Dr. Cottrell 
has spent the summer studying various phases of the chemical 
industry in’ Europe. Among other things he paid particular 
attention to the liquefaction of gases. 


Vev 


W. G. Jones has been elected vice-president and treasurer 
of the W. A. Jones Foundry & Machine Company, Chicago, 
and will continue to serve as general manager. 


: a 


N. W. Elmer has opened an office in Quincy, Mass., as 
consulting engineer in conveving and mechanical handlifg. 
Mr. Elmer was formerly enginecr for the Harry M. Hope 


_ Engineering Company, Boston. 


Vev 


Paul A. Billings, who recently was made representative of 
the Falcon Steel .Co., Niles, Ohio, has announced establish- 
ment of headquarters at 2306 Dime Bank Building, Detroit. 


Voev 


Dr. Raymond F. Bacon has resigned as director of Mellon 
Institute to take effect January 1, 1922. Dr. E. R. Weidlein 
has been appointed acting director. 
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Paul Boulanger, a director of Thyssen & Company, ‘Mul- 
heim, Ruhr Region, Germany, is now visiting the United 
States on a tour of inspection of heavy material handling ap- 
pliances in use here. Mr. Boulanger recently visited the 
Farrell Steel Works of the Carnegie Steel Company, at 
Farrell, Pa., and has also investigated the ore handling ma- 
chinery at Duluth. His headquarters while in this country 
are with F. A. Borgemeister, 50 Church Street, N. Y. 


¥ Vv 


C. C. Hanch, vice-president of the National Automobile 
Chamber of Commerce and chairman of its taxation com- 
mittee, soon is to become executive vice-president of the 
United States Automotive Corporation, subsidiaries of which 
are the Lexington Motor Company, The Ansted Engineer- 
ing Company, the Ansted Spring & Axle Company, the Con- 
nersville Foundry Corporation, the Fayette Painting & Trim- 
ming Company, and the Teetor-Hartley Motor Corp. Frank 
B. Ansted is president of the corporation. Mr. Hanch, as 
the executive vice president will have charge of the operating 
policies of the company, and will have his headquarters at 
Connersville, Ind., the home office of the United States Auto- 
motive Corp. ‘Mr. Hanch had long been connected both 
with the Nordyke & Marmon Co. and with the Studebaker 
Corp. Following his connection with these companies, he 
became chief of the automotive products section of the war 
industries board. After the close of the war he went to 
Europe as trade commissioner for the department of com- 
merce, and made an investigation of trade and industrial con- 
ditions in England, France, Belgium and Italy. Mr. Hanch 
will retain his connection with the Homer McKee Company, 
an advertising company of Indianapolis. 


Vv 


| J. M. Lloyd after serving two and a half years as super- 
intendent of the Lowellville, Ohio, plant of the Sharon Steel 
Hoop Co., Sharon, Pa. has resigned, effective October 1st. 


an 


Sherwin F. Kelly is in New York, representing the French 
firm of C. & M. Schlumberger, Prospection Electrique. He 
intends to study American and Canadian ore deposits, to 
demonstrate their adaptability to investigate by apparatus de- 
veloped by Mr. Schlumberger. 
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H. Voges, Jr., has resigned as vice president and general 
manager of the Webster & Perks Machine Tool Company, 
Springfield, Ohio. 

Vv ¥ 


Ross C. Purdy, formerly director of research Norton 
Company, Worcester, Mass., and for the past two years 
consulting ceramist at Buffalo and elsewhere, has been made 
permanent general secretary of the American Ceramic So- 
ciety, of which he was president in 1909 and 1910. 

Vv Y 


Isaac Harter, assistant to the president, Babcock & Wil- 
cox Company, New York, boilers, stokers, etc., has been ap- 
pointed general superintendent of the company. 

vr ¥ 


R. H. Mickey, who for several years represented the 
service department, Pittsburgh plant, Heppenstall ‘Forge & 
Knife Co., has accepted a position as drop forge superin- 
tendent with the Eureka Company, North East, Pennsylvania. 
The Eureka Company manufacturers electrical supplies and 
also makes a complete line of small drop forgings. 

ee 

Bradley Stoughton, Engincering Societies’ Building, 29 
West Thirty-ninth street, New York, having resigned after 
more than eight years as secretary of the American Insti- 
tute of Mining and Metallurgical Engineers will resume his 
practice as a consulting engineer, making a specialty of 
financial investigations and reports to bankers, investors, 
directors, and examining accountants on industrial plants, 
engineering enterprises, iron and steel plants, etc. 


¥Y Vv 


William S. Knudsen, for 10 years associated with the 
Ford Motor Company and responsible in a large measure for 
its production efhciency, resigned from the Ford organiza- 
tion to become associated with Ireland & Matthews as gen- 
eral manager. Previous to joining the Ford organization he 
had years of experience in various capacities in the metal 
stamping industry. Production is running among the highest 
of Detroit industrial concerns. 


Vev 


Dr. Richard Moldenke, last week was a guest at luncheon 
of the Worcester, Mass., members of the New England 
Foundrymen’s Association, that city. H. P. Blumenauer, 
general manager Arcade Malleable Iron Company, presided. 
Dr. Moldenke spoke on foundry costs and on his observa- 
tion of conditions in Europe, gathered. during a trip from 
which he recently returned. 
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COKE OVEN GAS FOR THE OPEN HEARTH. 


The Journal of the West of Scotland Iron and Steel Insti- 
tute recently published impressions of American steel mill 
practice which were pained by R. Percival Smith of the 
Lanarkshire Steel Company, Ltd., during a recent visit to 
the United States. An abstract of a paper read before the 
June meting of this society ts as follows: 

As you all know, producer gas is not used exclusively in 
America, nor yet to a preponderating degree, in open-hearth 
furnaces. They have a variety of fuels. At the top of the 
list stands natural gas. It is considered the best fuel of all, 
but its uses are now restricted. In having supplies of this 
gas America was richly blessed. Having come into such 
wealth without a strugyle, the American failed, however, to 
appreciate it fully and squandered it. [t 1s now available 
for melting purposes in a few places only, and in these cases 
provision is made for its immediate discontinuance. ‘The 
American regrets its passing. Coke oven gas is employed 
largely. Its constitution and heating value is exemplified 
by the following analysis from the coke oven plant at Clair- 
ton, tue most modern of its kind in the United States: 


Carbon dioxide ............. 1.65 per cent 


Carbon monoxide ........... 3.93 percent 
Illuminants sah icn chedted abe 3.32 per cent 
Carbohydrates ..... ne ae 33.53 per cent 
Aydrogem isin cence Sake ha ok 54.11 per cent 
NIMTOC EI o845-4 4544p ne aNaeeaks 3.46 per cent 
Bis. ser oe Bpd hleerk eit esata ate 578 


Sulphur, per 100 cu. ft. of gas  U.0006 Ib. 


Coke oven gas is very light, and consequently difficult to 
control. As far as my expericnce goes, only one firm in 
America uses it alone successfully; in all other cases that 
came under iny notice tar was used with it, the tar being in- 
troduced above the vas by means of a small nozzle after 
passing through a special form of carbureter. ‘Tar by itself 
is highly favored, in spite of certain drawbacks. Carburetion 
docs not yet appear to have reached perfection, a black heart 
being very noticeable in the tlame. ‘The checkers soon be- 
come very dirty, and have to be cleaned out after a run which 
never seems to exceed 200 charyves. The heating valve of 
tar as fuel for open-hearth furnaces 1s, however, undoubted 
as long as the system is in good condition, and the speed 
with which a furnace thus heated melts and works a charge 
must be considered quite satisfactory. The amount of tar 
used per ton varies between 30 and 40 gal. Each gallon con- 
tains about 155,000 Btu., of which, therefore, 4,650,000 to 
6,200,000 are expended in the manufacture of one ingot ton. 
If you express the results obtained with producer gas in the 
same terms, you will find that tar compares very favorably 
indeed with it. 


COKING STUDIES AT OHIO STATE UNIVERSITY 


The department of metallurgy of the Ohio State Univer- 
sity, under the auspices of and with the funds provided by 
the Engineering I:xperiment Station of the university, has 
installed a full scale 1-ton vertical coal retort, a complete 
byproduct recovery system equipped with gas meters, pyrom- 
eters and recording calorimeters. With this equipment 
the entire coal resources of Ohio are being surveyed with the 
view of obtaining accurate information concerning the possi- 
bilities of utilization of Ohio coals for gas making, byproduct 
recovery and coke production. Five-ton samples of each coal 
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to be tested are obtained, duplicate l-ton samples of this are 
carbonized under ordinary vertical retort conditions, the tar, 
ammonia and light oil recovered and analyzed, and the 
coke made is obtained and its quality determined by chemical 
analyses and physical tests. The gas made is measured in 
a recording and integrating Bailey gas meter and its heat 
value recorded in a continuous recording Smith gas calorim- 
eter. Also a sufficient amount of each coal 1s_ crushed, 
sized, the coarser sizes jigged and the finer sizes tabled on 
a Wilfley table. The clean coal is then dried and retorted. 
In this way it is expected that the most complete informa- 
tion possible will be obtained on all of the Ohio coals. Tests 
will also be made on mixtures of Ohio coals with coals from 
other states. It 1s hoped to get all this information so that 
the cities of the state can mak the most intelligent selection 
of coals for the production of artificial gas to supplement 
the waning natural gas supply. 


SOUTH AMERICAN BUSINESS SLOW. 

W. C. Downs, general representative of the United States 
Steel Products Company, returned on the Hanson liner 
“Huron” from a business trip in South America. He re- 
ports that the steel business in Brazil has been for some 
time at an absolute standstill. 


“There are large stocks of steel and steel products piled 
up in the ports,” says Mr. Downs, “but the channels of dis- 
tribution scem to be cloyyed. Business men expect that the 
movement of goods may be resumed at almost any time, but 
definite predictions cannot be made. However, there 1s no 
doubt that when activity 1s renewed a large volume of busi- 
ness will be created. The German sales agents are quoting 
very low prices on steel products, but even at that they are 
not doing any business because stagnation is general. 


“When trade is resumed the United States should be in 
a favorable position to compete with Ituropean industries, 
as one of the great essentials—transportation—has been tre- 
mendously improved between this country and South Amer- 
ica in the last few years. LVrompt deliveries are now pos- 
sible owing to the increased number of vessels in the Munson 
Lines and to the faster trips being made by the new ships.” 
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F. J. Ryan & Company, Industrial Fur- 
nace Builders, Wesley Building, Vhila- 
delphia, Pa., announce the establishment 
of three additional agencies. They are as 
tuollows: 

Detroit under the direction of Mr. 
David P. Harr, 423 Depot St., Latrobe, 
Penna., who will also cover the Cleveland 
and Toledo districts. Chicago, under the 
direction of the Singer Kennedy Con- 
struction Co., 39 W. Adams St., Chicago, 
Ill., who will cover the Middle West. 
Mr. LH. Chamberlain, 72 New Mont- 
gomery Ave. San Francisco, Cal., who 
will cover the Pacific coast. F. J. Ryan 
and Company have recently moved their 
yeneral offices and sales from the Frank- 
lin Trust Building, to larger quarters in 
the Wesley Building, 17th and the Park- 
way, Philadelphia. We also announce 
the removal of our Engincering Depart- 
ments to Lancaster, Penna., where they 
will be established in the headquarters of 
the Lancaster Iron Works, with whom 
F. J. Ryan and Company become asso- 
ciated in the early part of the present 
year. 

Hiarry W. Eastwood, who for the past 
four years has had charge of the Steel 
Mill and Crane Division of the Cutler- 
Hammer Mfg. Co., Cleveland Branch, 
has béen made Branch Manager, taking 
the place of Lynn B. Timmerman, former 
Asst. Manager, Central District, who 
leaves to enter the automobile business 
in Lima, Ohio, after having been asso- 
ciated with the Cutler-Hammer Cleveland 
Othce since 1914. Associated with Mr. 
Eastwood will be I. L. Windenburg, as 
Office Manager. Mr. Windenburg takes 
the vacancy made by the sudden death 
of Mr. A. F. Loomis on August 22. The 
Cleveland Office and territory of the 
Cutler-Hammer continues as a part of 


the Central District, comprising the 
Pittsburgh and Cincinnati Offices and 
territory. 


earl F. Heimpel, M. E., formerly Chief 
Engineer of the Edison Portland Cement 
Co., Stewartsville, N. J.. has resigned to 
enter the sales force of the M. J. Dough- 
erty Co. Piping Fabricators and Engt- 
neers of Philadelphta. Mr. Heimple who 
is a graduate of Lehigh University has 
had a wide and varied experience in the 
engineering field and will be located in 
the home office. 

The A. P. Swoyer Co. merchandise 
stock at 17 North 7th Street, Philadel- 
phia. has been purchased and the prem- 
ises formerly occupied by Swoyer leased 
to U. T. Hungerford Brass & Copper Co. 
The Elcon Engineering Co. opened of- 
fices in Columbus, ©., to engage in gen- 
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eral contracting and engineering, special- 
izing in elevating and conveying equip- 
ment. 

A new corporation known as the G. 
I. Wright Steel & Wire Co. has been 
organized at Worcester, Mass, headed 
by George FF. Wright, son of George M. 
Wrgat, former president of the Wright 
Wire Co., and it has purchased the plant 
of the Standard Plunger Elevator Co. 
at Jamesville. a suburb of Worcester, 
The new company will manufacture wire 
rope, wire cloth, wire lathing and poultry 
netting. Some of the special machinery 
has already been constructed, and it -1s 
planned to begin manufacturing at an 
easly date. 

The Gasoline Recovery Corp., New 
York, announces that a commercial nat- 
ural gas yasoline plant operating accord- 
ing to the Burrell-OberfeH charcoal 
process iS in operation at Bradford, Pa. 
The plant has a capacity of 900 gal. per 
day. It is also announced that the char- 
coal gasoline plant of the Monroe-Louis- 
liana Carbon Co., located at Monroe, La., 
is nearing completion. 

The Schaffer Engineering & Equip- 
ment Co., Pittsburgh, Pa., announces the 
combining of the administrative, sales 
and manutacturing departments tn its new 
general offices at 2828 Smallman St., 
Pittsburgh, Pa. 

The Cochrane Steam Specialty Co. of 
Massachusetts has been organized to 
represent in New ‘England a number o* 
well-known manufacturers of power- 
plant equipment, including the H. S. Bb. 
W.-Cochrane Corp., manufacturer of 
feed water heaters, steam and oi] separa- 
tors, V-notch meters and metering heat- 
ers, hot and cold process softeners, flow 
meters, precision meters, weighing 
meters, multiport valves and multiport 
drainers, also the Steam Motors Co., Inc.. 
manufacturer of steam turbines for driv- 
ing generators, pumps, fans, etc., and the 
D. Connelly Boiler Co., builder of water 
tube steam boilers. ‘The office at 1045 
Oliver Bldg., Boston, Mass., ts in charge 
of Elliott Greene. 

The Link-Belt Co., Chicago, has ac- 
quired all of the capital stock of the H. 
W. Caldwell & Son Co., and Frank C. 
Caldwell has been elected a director of 
the Link-Belt Co. The H. W. Caldwell 
& Son Co.’s plant will continue to oper- 
rate under separate corporate existence 
under its present name. 


The Sullivan Machinery Co., Chicago, 
Ill., has moved its Cleveland office from 
810 Park Bldg., to Room 824, Kirby 
Bldg. Ralph T. Stone is manager. It 
is also announced that a supply depot 
and service station for coal-mining ma- 
chinery, supplies and repair parts has 
been opened at Seventh Avenue and 
Thirteenth Street, Terre Haute, Ind. H. 
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T’. Wiley is in charge. 

Charles Cory & Son, Inc., 183-187 
Varick St.,. New York City, has obtained 
the manufacturing and selling rights for 
the Royer line of portable and stationary 
tlow indicators. These indicators are de- 
signed for indicating the How of all kinds 
of corrosive and non-corrosive gases, 
vapors and liquids and were formerly 
inanufactured and sold by the A. H. 
Sloan Co. of Detroit, Mich. It is in- 
tended, through the increased manufac- 
turing facilities provided by the Cory 
‘Company, to increase the production of 
these meters and make turther extensions 
to the Royer line. 


PETE PE TERT EEE Ee 


TRADE PUBLICATIONS 


AANAUUSHACTAVINAUGOUTSONDLGUEAGGEAUD THAYER ADEA ELODHADE CRD EMADE GAAS UUDSUANRLEUNEDUG Ga UG COUHEMEDD HAN UNUH Ada MEG DUA ENA a COTE 


“Wheeler Condensers” is the title of 
the new general catalogue issued by the 
Wheeler Condenser & Engineering Com- 
pany, Carteret, N. J., which illustrates 
and describes a complete line of con- 
densers and accessories for stationary 
and marine service—including Wheeler 
condensers, vacuum pumps, centrifugal 
pumps, cooling towers, condenser tubes, 
feed water heaters, etc., Many of the de- 
signs described are of special interest 
to power plant engineers, since they 
represent most recent engineering im- 
provement. Among them are: a new de- 
sign of a 26-inch vacuum surface con- 
densing equipment adapted for engine 
work and dispensing with combined 
auxiliary pumps; the Wheeler steam jet 
air pump with combined inter-condenser 
and heater operating at maximum eff- 
ciency without complicated and expen- 
sive accessories; the Wheeler jet con- 
denser with expansion joint between 
condenser body and a turbine and a cen- 
trifugal removal pump having a special 
vertically split casing. In a section de- 
voted to Crescent Brand condenser 
tubes, the precision that enters into each 
step of the manufacture of the highest 
quality tubes is explained. A condenser 
data sheet is included with each copy. 


The Ashland Fire Brick Co., Ashland. 
Ky., has published an 8-page illustrated 
bulletin entitled, “Fire Brick for Rotary © 
Cement Kilns.” The booklet contains a 
short resume of conditions to which vari- 
ous types of fire ‘brick are adapted. 


W. S. Rockwell Company have issued 
Bulletin No. 232—“The Variety of Fur- 
nace Design”, which is the third of the 
series dealing with fundamentals that in- 
fluence the quality and cost of heated 
products. It illustrates the relation of 
type and arrangement of heating equip- 
ment to cost of production, and the many 
factors that must be considered in adapt- 
ing such equipment to individual manu- 
facturing conditions. 


Entered as second class mail 
=< at een sf Pa, 4 
onugress, : 


Ma rch 3, 1879. 


Pittsburgh. : emi 1921. 


ORGAN 


OF WORCESTER #8) 
CONTINUOUS ROLLING MILLS’ | 


aan ‘et ati 

osama *' ( PE — ied 

a Fa ‘ 
» La “a ie 1A | ‘ = = 

7 


ft | 


A Recent Production Record 


e ona IVlorgan Vou Tan 
Continuous Rod Ms; 


in 14 Days of Operation 


Total Production of *5 Rod 55672. ie 


mber our mill operate 
Average production per 12 hour turn 22802 “tons 


Maximum production per 12 hour turn 242 ‘Tons 
Average Yield O74. a 
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